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Introduction

History

CloudCompare is a 3D point cloud (and triangular mesh) editing and processing software.

Originally, it has been designed to perform direct comparison between dense 3D point clouds. It relies on a specific
octreestructure that enables great performandashen perfaming this kind of task. Moreover, as most point clouds
were acquired by terrestrial laser scanners, CloudCompare was meant to deal with huge point clouds on a standard
laptop - typically more than 10 million points (in 2005!). Soon after, comparison betveepoint cloud and a triangular

mesh has been supported (see below). Afterwards, many other point cloud processing algorithms have followed
(registration, resampling, color/normal vectors/scalar fields management, statistics computation, sensor manggemen
interactive or automatic segmentation, etc.) as well as display enhancement tools (custom color ramps, color & normal
vectors handling, calibrated pictures handling, OpenGL shaders, plugins, etc.).
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(2) for instance it took about 10 s. to compute thgtahces of 3 million points to a 14.000 triangles mesh on a laptop withcdualprocessor

Philosophy

Point cloud Vs Mesh

Regarding its particular history, CloudCompare considers almost all 3D entities as point clouds. Typically, a triangular
mesh is aly a point cloud (the mesh vertices) with an associated topology (triplets of ‘connected’ points corresponding
to each triangle). This explains that meshes have always either a point cloud named 'vertices' as sibling or parent
(depending on the way theyave been loaded or generated). And while CloudCompare will let the user apply some
tools directly on a mesh structure (i.e. triangles), some tools can only be applied to the mesh vertices. It may be a bit
disturbing at first, but we don't want the user tignore this:CloudCompare is mainly a point cloud processing
software.

Of course, as CloudCompare is meant to do change detection (e.g. subsidence monitoring) and as a triangular mesh is
a very common way to represent a reference shape (e.g. a buildinig),very useful and it couldn't be ignored.
Nevertheless it remains a "secondary" entity, especially as CloudCompare is able to compare two point clouds directly,
without the need to generate an intermediary mesh.

The main reasons for this are:

CloudCompare Version 2.6;lser manual


http://www.cloudcompare.org/doc/wiki/index.php?title=Octree

8

w meshes aregenerally very hard to generate properly on rifé scenes, especially when scanned with a laser
scanner (noise, variable density, etc.)

w and as ALS/TLS point clouds are generally very dense (and accurate), we already have all the information we need

Salar fields

Among all 'features' that can be associated to a point cloud (colors, normals, etc.) one has a particular place in
CloudCompare: thecalar field

A scalar field is simply a set of values (one per paing. the distance of each point to amar entity). As each value

is associated to a point (or vertex) it is possible to display those values as colors (with custom color ramps) or to apply
filters on them (smooth, gradient, etc.), some basic math operations (exp, log, power of 2 or 3, ctas),s#tc.) and

of course to segment the cloud relatively to those values (thresholding, local statistical filtering, etc.).

CloudCompare can handle multiple scalar fields on the same cloud. It is even possible to apply simple arithmetic
operations {,+,/,*) between two scalar fields of a same cloud.

Some technical considerations

Portable
CloudCompare is developed in C++. It is currently compiled on Windows, Linux and Mac OS (thafksitand for
32bits and 64bitarchitectures.

Tradeoff between storage and speed

Here are some details about the technical choices that have been made in CloudCompare (mainly to achieve the goal
of loading as much points as possible without downgrading too much performanegesagood tradeoff between
storage and speed):

9 all stored values and most of computations are done \8i#its floatingpoint values

I to prevent any limitation on the size ofralys (as it's hard to get a big contiguous block of memory on Windows
32 bits), we use a custom container that automatically chunks datasets in small blocks (64 Kb per block).

1 normal vectors (if any) are compressed on 16 bits (15 bits actually, becatsewdy quantizatiohworks)

1 the specifioctreestructure used in CloudCompare requires constantgant memory (i.e. 8 bytes per point
on a 32 hits OSwith a maximum depttof 10- and 12 bytes on a 64 bits O®ith a maximum depth of 21!).
It is based on a particular quantization of the 3D point coordinatglsind of Mortorf ordering schemewhere
each point position in the octree grid and at any level is representeadiggle integer code. We then process
those codes to achieve very efficient nearesighbors querying operations. However, while this octree
structure is very efficient for computing distances for instance, it's not suitable for fast display (LeethiDf D
etc.).

The result of the above choices is that CloudCompare can store about 90 million blank points per gigabyte of memory.
If you add RGB colors, normal vectors, a single scalar field and if you need to compute the octree, you can load up to
32 milion points per gigabyte.

On a 64 bits OS you can load as many points as you waiif gp to 4 billion in fagt However, depending on your
graphic card capabilities, display and interactivity may be severely downgraded with this many,p&\ite ahigh-
end graphic card you can keep a reasonable frame rate with up to 150 million points.

1 http://en.wikipedia.org/wiki/Quantization
2 http://en.wikipedia.org/wiki/Z-order_curve
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Recent evolution

While the project has started in 2004 BDF R&[It has only been released in the public domain around 2009 (under
GPL license). As CloudCompare is on eqmemce project, everyone is free (and welcome) to extend its capabilities.
Don't hesitate toask questions and share your experiences on the férand to take a look at th&ithub source
repository.

License

The license of th€CLilibrary (containing the core algorithms) is L&®Rirsion 2.0.

Therefore CCli can be integrated in any commercial or roommercial project. You just have to share any
modification of the code with the authors (us).

The license of the other components is &Rersion 2.0):
w qCC_dlfdatabase library)

w qCC_idfile I/O library)

w qCC_g(OpenGL based 3D display library)

w CloudComparandccViewel(standalone applications)

Therefore only GRtompatible (which meangpensourcebut doesn't necessarily meaffi®e) projects can use those
components.

Online version

The latest versionfahe user documentation can be found at:

http://www.cloudcompare.org/doc/wiki/

3 http://www.cloudcompare.org/forum

4 https://github.com/cloudcompare/trunk
5 http://www.gnu.org/licenses/Igpi2.0.html
6 http://www.gnu.org/licenses/gpi2.0.html
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General concepts

Graphical User Interface

Hereis a quickoverviewof the main userinterface:

T [CioudCompare v2.5.6beta (64 bits
File Edit Tools Display Plugins 3D Views Help
Ko o =

B w1 X W3t SSRGS b UTITOEFE QOB
; SRR ER
Romeis ""’“‘*’4'& M| S e s wic sor fils - £ &5
o joBEs 2| © 30 View2 =8 o8 ==
2 0] @ pat_gvl.obj (E/These/Donnees/Central.. | | LG Mter] Eyebome ighiing T
- T @ pot gt roodd default point size
M s istance:
| me M‘;‘E S o5 c:g gzszzddstanus
2 Iabel: Point 5143441 .998962
= point #314593
+ ) . 2D labek: Point #314593
P#314593: (86168.671875;502152.687500;39551.031250) 87.499222
' Scalar: -45.503704
+. Camera Unk 74.999481
Q
Properties & oo
= P 62.499741
. |Propeny State/Value
& |visiote & 50.000000
(5 |Showname n30) |
| |cotors [scalar field B} 37.500000
@ % 122313
. |Boxdimensions  V:130327
3 179779 7 25.000000
= X:88314.1
A soxcenter Y: 496342
7.359608 12.500000
@ | Object D75 - Chidre 2
g | Curent Display (3D View2
Points 275295
5 Global shift 0.00:0.00:0.00)
| Global scate 1.000000 i
Point size [Default
Scalar Feid
Count
Active ‘czm;-gnmamn(a =] -37.500000
Current | Biue>Green> Yellow ¥ | 1] i
= ~50.000:
Steps 256} :
Visible v
SE
Display ranges | Parameters.
9999131775 (2 displayed 9999896240 2
Point #1434413
P#1434413: (91874.171875,499191.656250;29425.489281)
Scalar: 24.405695
<! saturation 50,00000000

Console

[09:06:22) [3D View 1] GL version: 4.4.0

[09:06:22) [3D View 1] Graphic card manufacturer: NVIDIA Corporation 1 0

| 109:06:22] (3D View 1] VBOs available
(09:06:22] 3D View 1] Shaders available
0006221 13D View 11 GI filtare availahle

1. Menus

File (opensave, quit, etc.)
Edit (edit selected entities and their featuresolors, normals, scalar fields, etc.)
Tools (segmentation, registration, projection, etc.)

Display (displayelated options)

Plugins (loaded plugins)

3D Views (3D views management)

Help @bout, help, etc.)

Main toolbar (quick access to main editing and processing tools: open/save, point picking, clone, etc.)
Scalar fields toolbar (quick access to scalar fields related tools)

Plugins toolbar (quick access to currently loaded pluggtandard and OpenGL shadeys
View toolbar (quick access to displelated tools)

Database tree (for selection and activation of entities and their features)

Properties view (information on selected entity)

Default 3D view

= =4 4 -8 -8 -8 -2

© © N O

Another 3D view (created witBD Views> New
10. Console

CloudCompare Version 2.6;lser manual
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Entities
Main entities
o Point cloud

A point cloud is a set of unorganized 3D points (X,Y,2).

It can be associated to:

1 aunique color for the whole entity (RGB)

1 per-point colors (RGB)

1 per-point normal vectors (Nx,Ny,Nz)

1 per-point scalavalues (a scalar fieldmultiple scalar fields can be associated to the same cloud

# Mesh

A mesh is a set of triangles. Internally, triangles are represented by triplets of integer indexes. Those indexes are relativ
to an associated cloud (the mesh tiees). Therefore a mesh 'inherits' of all the features associated to a point cloud
(see above).

In addition a mesh can be associated to:

1 pertriangle normal vectors (Nx,Ny,Nz)
1 pertriangle materials
1 pertriangle texture coordinates textures

A standard mds generally corresponds to a single object. Its vertices are stored as a point cloud (which is generally a
child of the mesh object in the DB tree).

= ) tin00.0bj (D:/ThesejDonneesiM...
=[] & iMesh
O O vertices

'y Submeshes

When importing a mesh with multiple parts (from OBJ or FBX files for instance) ormérging multiple meshes,
CloudCompare can create 'safieshes'. They are subsets of a main mesh (and can therefore only be child of this parent
mesh). They all share the same set of vertices and the same features.

4 [V] & Bldngl06
V| E& Compressed normals
V] % Object_1
V] % Object_2
¥ % Object_3
] & vertices

D primitives
Primitives are a specialid of meshes. They can be created with the 'Primitive Factory', or with the 'Tools > Fit' methods
(or also imported from CAD formatg.g. PDMS macros).

Primitives are described by simple parameters (radius, height, etc.). However they are associatezbgellated
representation (i.e. a proper triangular mesh). This way they can be used as standard meshes (for distance calculation,
etc.).

Note: for some primitives (spheres, cylinders, etc.) the user can change the 'drawing precision' (i.e. the amount of
tessellated triangles).

CloudCompare Version 2.6;lser manual
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4 [V] & Primitives
4 [V] 3 Plane
[ O vertices
[¥] F& Compressed normals
[ & Box
V] 3 Sphere
- [@] @ Cylinder
@] & Cone
@] & Torus
V] b Dish

S IS

# Polyline

A polyline is a set of points connected by contiguous segments. The polyline can be closed (i.e. a loop) or not. By default
a polyline is a 3D object. But they can also be 2D entities (in which case they will bgedisgdea 2D overlay object

and their coordinates are always in pixels).

Internally a polyline is a set of indexes. Those indexes are relative to an associated point cloud (the polyline vertices).
Its vertices are stored as a point cloud (which is geneaadlijild of the mesh object in the DB tree).

For now polylines don't inherit the features of their associated cloud (color, normals, etc.). However they can be
associated to a single color (RGB).

4 [V] 4« Polyline #1
] O vertices

Point cloud associated structures

© Octree

The octree structure is a very important structure in CloudCompare. It is used by most of the processing algorithms
(distance computation, spatial operators, etc.). For general information about octree structures refer to
http://en.wikipedia.org/wiki/Octree

For more information about the practical implementation of the octree structure in CloudCompare, see the
EloudComparectreelsection.

Sensors
There are currently two kind of sensors in CloudCompare.

$ Ground Based Laser Sensor

Point clouds acquired thanks taGround Based Lasscanner (also callederrestrial Laser Scannean be associated

to a sensor enty. This is a structure containing information about the sensor (intrinsic and extrinsic parameters,
position and orientation relatively to the cloud, etc.). It can be used to localize the sensor position in the 3D scene, to
display the cloud in polar codinates (‘Display modes bubbléew' display mode), or to compute scattering angles,

etc.

Proprietary formats typically contain this kind of information (PTX, FARO, DP, etc.). They are automatically created (as
children of the loaded cloud(s)) when loadiegdm such files.

Otherwise sensors can be 'manually' created:

1 with the 'SensorgGround Based LideEreate’ method
9 orviaa POV metfile

4 [V] © 210_KING_012
7] @ Ground Based Laser Scanner

CloudCompare Version 2.6;lser manual
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0]

.

2] Projective Camera Sensor

Point clouds or pictures acquired thanks to a camera can be associated to a sensoifaitity.a structure containing
information about the sensor (intrinsic and extrinsic parameters, position and orientation relatively to the cloud, etc.).
It can be used to localize the sensor position in the 3D scene, display the cloud as if it washyighedamera (see

the 'Apply’ button in the sensor properties), filter the points actually viewed by this camera, etc.

Camera sensors are automatically created when loading calibrated pictures from a Bundler .OUT file for instance (or
from some E57 fileas well)

¢KSe OFy fa2 0S8 UYl ydiCinier SensbiNEB B8RO sMSIKK 2IKS W{ Sy &2 NH

4 (V] (07 Camera#1
] . DPP_0080,jpg

[¥] (@1 Camera #2

[V] (@7 Camera #3

—_

P.S.: see also tr::L- 2] Calibratedpicture entity below.

“ Label
CloudOl'y 65 | da2 OAl (i SdantpicengfrabelSt DO BBy G KBENIWY2NBE Ay F2N¥I

[¥] . 2D label: Point #4402
[¥] = 2D label: Vector #7678 - #2049
[¥] . 2D label: Triplet #7316 - £1476 - #4427

Other entities

<1 Group
A simple goup ofother entities can be usedo classifyor regroup entities). Groups can be created by riglitking on
the DB treec & S Sontlkt mauQ.

-':L Image
Images can be loaded from standard imagefékenats (jpg, bmp, png, etc.) via the standard 'File > Open' mechanism.

They can only be displayed in the 3D view as a 2D overlay (matching the 3D view extents). The user can change their
transparency so as to visualize the 3D scene behind.

5] Calibratedpicture
Calibrated pictures are standard images that are associated to a ‘Camera’ sensor. Therefore it is possible to set the

camera parameters and position of the current 3D view to match the sensor parameters. This way the (calibrated)
picture can be diglayed above the 3D scene (with a customizable transparency).

Calibrated pictures can be loaded from Bundler .OUT files or from E57 files. They can also be loaded thanks to ICM
metafiles.

CloudCompare Version 2.6;user manual
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- —
@ CloudCompare v2.6.1.beta [64 bits] - [3D View 1]
(@ File Edit Tools Display Plugins 3D Views Help
P = e
PBGESEHX S0 B
Remove filter ~ Blur (shader) N‘E SOR MLS E_S L' l:»;b
DB Tree &
© Keypoints X
xex > [7] (81 Camera#1 B
11 4 [57 Camera #2 =
L DPP_0081,jpg B
-+ b [7] (81 Camera #3
> [T [©) Camera#4
4" b [7] (@1 Camera 25 i
L‘ [] camera Link
o4
Properties &
Q
@ Property State/Value &
@ Current Display 3D View1
Width 1200 -
@ Height 800
(B |Aphe " [} =
Sensor .
@ Apply Viewport Apply =
g Console g X
[11:33:58] [VBO] VBO(s) (re)initialized for cloud ‘Keypoints' (0.11 Mb = 100.00% of points could be loaded) -
@ [11:40:57] [ApplySensorViewport] Viewport applied L
[11:41:06] [ApplySensorViewport] Viewport applied A
< | n N
\ —_— ———

Calibrated picture overlaid on a cloud

‘@ Viewport
The current 3Dview 'viewport' can be saved anytime with the 'Display > Save viewport as object’ method. The
corresponding viewport can be restored later thanks to this entity.

# Viewport #1

Note: this entity can only be saved in BIN files.

l 2D area label

A special kind of lab&lamed '2D area label' can be created with the Point Picking tool. It has many common features
with the 'Viewport' entity. And as this entity, it can only be saved in BIN files.

D 2D area label: Interesting area

CloudCompare Version 2.6;liser manual
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DB tree

[ 2F RSR SyUGAGASE I NB ff &byaaEBIR Sdm¢ enfitiksSandépend onNiBeS ddesgsacyf (1 K
as a mesh and its vertices) or can also be regrouped (in Group en;lbes'l'his is why the database is displayed as a
hierarchical tree.

4 ] Clouds
< G11-B20_R - Cloud
& K-97-70_R - Cloud
< G11-9-23 R - Cloud
4 ] Mezh
> ) P1991_3-3.5_HiRes
* Viewport #1
{8 New group

[ camera Link

Drag and drop

Most of the entities can be drag and droppbdthe DB tree (so as to regroup them typically). Entities dependent on
20KSNE | NB 3ISYySNIffe o hogRerited efi. KSANI WLI NByiQ K28S@OSNI o

Selection

Entities can be selected either directly in a 3D view (by left clicking on it) or by clickthgir corresponding entry in
the DB tree (which is generally faster and unambiguous).

Multiple entities can be selected at once by maintaining @ERlor SHIFkeys pressed and selecting them in the DB
tree.

Equivalently the user can select multiple entities by holding @Tdrlkey and clicking on entities in the 3D views.
Another option is to hold théALTkey and drawing a rectangle in a 3D view. This way, all the entities falling at least
partly inside the rectangle will be selected:

Selection inside a rectangle (hold theTkey while drawing the rectangle with the left mouse button pressed)

Context menu

A context menu can be spawned by clicking on an element of the DB tree with the right mouse button. Its content
depends on the type of the element

CloudCompare Version 2.6;lser manual



16

Information (recursive)

Toggle

Toggle visibility
Toggle color
Toggle normals
Toggle SF
Toggle 3D name

Delete
Add empty group

Expand branch

Collapse branch

Context menu (for a cloud)

The most notable elements are:

1 On all entities:
o Information (recursive): diays information on the the selected entity and all its siblings (in a
recursive manner). Typically the total number of points, triangles, normals, etc.
0 Toggle (visibility, color, etc.): to toggle a given property of the selected entities
Delete: to delet the selected entities
0 Add empty group: to add an empty group as a child of the selected entty &lso be called on the
DB tree background area to create a group at the tree)root
0 Expand/Collapse branch
0 Sort siblings (by names-@ or (ZA) or by typé: to sort the siblings (if the entity has more than one
child)
1 Only on sensors:
o Bubbleview. (i 2 | OBubblidw3pol#) Y2 RS
1 hyte 2y LI yHRASHIGEGQIXASDH SEd RSP LD ySa | yR FlL OSGaoy
0 Align camera (inverse or not): to make the camera of the current 3D view face this planar element
(one side or another)The corresponding transformation is also output in @@nsole

o

Entity properties
2 KSy | &aay3ats
tree by default).

A& LINPLISNIASAE | NB

State/Value

Sphere r=384.44 [rms 3.01... |
Visible ® [
Normals @ ‘
Show name (in3D) [}
X:768.88
Box dimensions Y: 768.879
Z:768.881
X: -4264 .46
Box center Y:18741.7
Z:-137473

Info Object ID: 326 - Children: 1
Current Display 3D View1l ']

Faces
Wireframe
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Entity propertiesd sphere here

Most of the entities display properties can be set via this dialog:

1 visibility of the entity

1 visibility of its features (colors, normals, etc.)
1 GKS OdNNByld o5 OASH AyCupektDofa® (KBa Sy GAle Aad RAALIK I &
1 the active scalar field and its displpgrameters (current color scale, whether it should be displayed in the 3D
view and how, etc.)
1 etc.

Other parameters can be modified such as

1 WgANBTFNI YS Qa ldnddbf Reilransphseniyyh@les for a mesh for instance
1 primitives parameters
T etc

And of course various pieces of information:

1 boundingbox center and extents
9 the number of points or triangles
1 i KSlob&! shift and sca

1 associated metalata

1 etc.

There are even some action buttons sometimes (for viewport or sensor entities for gejtan

Scalar field display parameters editor

In the Properties dialog, an editor very specific to CloudCompare can be found on clouds and entities with an active

scalar field:

SF display params

Display ranges | Parameters ‘

-2047,00000000 || displayed 121014285714 <

\ 4

Q

-1532,71428571 |5 saturation 850,14285714 5

Scalar field parameters editor

This editor lets the user set most of thésplay parameters of the active scalar field in a very concise way (in addition
to get a quick overview of the scalar field histog)am

9 use the left and right white circles to set timein and max displayed scalar valu&glow and above those
values,thdJ2 Ayt a oAff SAGKSNI FLILISIEN Ay 3INBe ZhidvEaNwBR i

ofrangevaluesingr¢y G KIF G A& FO00SaaArofsS Ay GKS Wt NI YSGSNEQ

with values outside a given interval, in orde focuson the other points for instance.

1 use the red and blue down arrows to set tih@in and max saturation valug$o set the start and end of
WNBf I A OS¢ SO seahaicidt ol6rScales Man&yér

{ setadditional parameterg A (G K (G KS Wt (log\dr syrBniie@iddEscale, etec.)p
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Supported file formats

Type o Description — Other Features
=3 Q > @
2 Tleg ¢ E3 s
c ~ = 0
Q [n'd ra o o )
= ® g Ol =
w o
BIN .bin CloudCompare own| X | X |binary| >1 >1 >1 Normals
format Colors (RGB)
Scalar fields (>1)
+ Labels, viewports,
display options, etc.
ASCII .asc ASCIl point cloud filg X | X | ASCIl| 1 Normals
Axt (X,Y,Z,etc.) Colors (RGB)
Xyz Scalar fields (>1)
.neu
.pts
LAS las ASPRSidar point X | X | binary 1 Colors(RGB)
louds Various scalar fields
(see LAS 1.4 specifications)
E57 .e57 ASTM E5file format| X | X | mixed| >1 Calibrated picture(s) Normals
Colors (RGB or 1)
Scalar fieldiitensity)
PTX ptx LEICAuoint cloud X ascii >1 Sensor(s) Robust normals can be
export format computed at loading time
FARO fls FARGdormats X binary | >1 Sensor(s) Scalar field (reflection value)
fws
DP .dp DotProductDP+7 X binary| >1 Sensor(s) Colors (RGB)
format Robust normals can be
computed at loading time
PCD .pcd Point Cloud Library| X | X | binary| >1 Colors (RGB)
format Normals
Scalar fields (>1)
PLY .ply Stanford 3D X | X | both 1 1 Normals
geometry format Colors (RGB or I)
(cloud or mesh) Scalar fields (all)
Single texture
OBJ .obj Wavefront® mesh X| X | AsCll| 1 >1 Polyline(s) Normals
Materials and textures
VTK vtk VTKfile format X| X | ASCll| 1 1 Normals
(triangular mesh or Colors (RGB)
cloud only) Scalar fields (>1)
STL .stl STereoLithography| X | X | ASCI 1 Normals
file format (mesh)
OFF .off Object File Format X | X | ASCl 1
(mesh)

7 http://www.asprs.org/society/committees/standards/lidar _exchange format.html

8 http://www.ri.cmu.edu/publication view.html?pub id=6767

9 http://www.graphics.stanford.edu/data/3Dscanrep

10 hitp://en.wikipedia.org/wiki/Wavefront .obj file

U hitp://en.wikipedia.org/wiki/STL_%28file format%29

12 hitp://www.cs.princeton.edu/courses/archive/sp8/cos426/assn2/formats.html
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FBX fbx Autodesk (Filmbox) X | ASCll| >1 >1 Normals
File format?® or Colors (RGB)
binary Materials and texture
DXF .dxf Autocad DXF X | ASCll| >1 >1 Polyline(s) Normals
format!4 Colors (RGB)
SHP .shp ESRI Shape file X | binary| >1 Polyline(s) polygon(s) Scalar fields (1 per entity)
format'® Contour plot(s)
etc.
PDMS .pdms PDMS macros ASCII >1 Primitive(s)
.pdmsmac
.mac
RASTER| .geaotiff, Common raster X7 | binary 1 Layers (as scalar fields)
etc. formats (GDAL)
ouT .out Bundler SfM output ASCIl| (1) Calibrated picture(s)
(Bundler) filet® 3D keypoints
2D images Jjpg Standard images binary
*.png
*bmp
etc.
PV .pv Point cloud + scalar X | binary| 1 Scalar field (1)
field
PN .pn Point cloud + normal X | binary 1 Normals
SOl .SOi Mensi/Trimble ASCIl| >1 Colors (1)
Soisic laser scanne
POV .pov Multiple stations ASCll| >1 All + sensor poses
(meta file) +
both
ICM .icm Cloud + calibrated ASCll 1 Picture(s) All + camera poses
pictures +
both
Geo .georef Mascaret profile¥ ASCII Profiles
Mascaret (polylines)
Sinusx .SX Sinusxcurves X | ASCI Polylines
Csv .csv Cloud as 2D1/2 ASCIl| 1
matrix matrix
13 http://en.wikipedia.org/wiki/FBX
14 http://en.wikipedia.org/wiki/AutoCAD_DXF
15 hitp://en.wikipedia.org/wiki/Shapefile
16 http://en.wikipedia.org/wiki/GDAL
7Ua S RBréjdtion> Rasterigh 2 2f Q (2 SELRNI NI AGSN) FAf Sa

18 hitp://phototour.cs.washington.edu/bundler

1 hitp://chercheurs.edf.com/logiciels/codenascarei41197.html
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Display modes

3D entities can be displayed in one or multiple 3D views. Sedishy modesan be set in each 3D view.

Main display modes
The orthographic angerspective modes can be enabled at any time thanks to the 'Set current view mode' icon in the
left toolbar:

«\l' ‘

& ' . Orthographic projection
+ | & Object-centered perspective

Q L.

& Viewer-based perspective

L Orthographic view

This is the default viewingnode. It is a parallel projection (i.e. parallel lines never cross).

Seehttp://en.wikipedia.org/wiki/Orthographic_projectiorfor a bit of theory.

Perspective OFF

Note: in this mode, a white scaledsplayed (in the bottom right corner of the 3D view). Its actual dimension in the
current coordinate system is displayed below.

Perspective view
The perspective projection consists in projecting a 3D scene on a 2D plane as if it was seen by the h(onarseyge

camera).

The main parameter for this mode is tfield of views ¥ ®2 @b ® LG OFly 6S OKIFIy3ISR QAl

Seehttp://en.wikipedia.org/wiki/Perspective %28gpaical%2%or a bit of theory.
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Centered perspective ON

Notes: in this mode, no scale is displayed as the 'width' depends on the actual depth of each pixel.

There are two types of perspective modes in CloudCompare.

(- Objectcentered

In the 'objectcentered perspective' mode, the object rotates when the user moves the mouse while pressing the left
button (the camera orientation is fixed). Using the mouse wheel will make threcbigrther or nearer from the current
point of view.

Note: this mode can be toggled with the 'F3' shortcut.

k- Viewerbased
In the 'viewerbased pespective' mode, the camera rotates when the user moves the mouse while pressing the left
button. And using the mouse wheel make the camera move forward or backward in the current viewing direction.

Note: this mode can be toggled with the 'F4' shortcut.
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Bubbleview (polar)

This viewing mode can only be properly enabled via a 'GBL sensor' entity. They are generally associated to point clouds
coming from proprietary files (PTX, FARO, DP, etc.).

To enable it, simply browse the sensor entity properties aik an the 'Apply’ button (‘Apply viewport' item).

While in this mode, the camera position is fixed (normally at the sensor center) and the user can only rotate it (with the
left mouse button) or change the zoom (with the mouse wheel).

Note: in fact the zom is simply obtained by modifying the camera field of view (f.0.v.). Therefore high optical distortion
can occur after a certain point.

@ CloudCompare v2.6.1.beta [64 bits] - [3D View 1 P
i g iy

@© File Edit Tools Display Plugins 3D Views Help
PB GE X St
DB Tree
4 &) 210King_OfficeSpace_Scan.fws (E:/Th...
e 4 [7] © 210 KING 012
11 (=] @ Ground Based Laser Scanner
4) [] camera Link
A |
e Properties
+
“ | | Property State/Value -
@ Uncertainty 1.19209e-07
Angular viewport (degrees =
& Yaw span [-80.48 ; 0.06] L
Yaw step 0.0234 =
@ Pitch span [-180.00 ; 180.00]
Pitch step 155.0250 i
@ Drawing scale 0.500 =
@ Apply Viewport Apply -
@ Console
g [10:07:28] [VBO] VBO(s) (re)initialized for cloud '210_KING_012' (367.52 Mb = 100.00% of points could be loaded) |
3 [10:07:39] [ApplySensorViewport] Viewport applied
[10:07:46] [ApplySensorViewport] Viewport applied i
[10:07:56] [ApplySensorViewport] Viewport applied 4

C!wh a0ty OABKNSESROAY2RSdzmof S

To leave this mode the user must click on EBconin the top left cornerof the 3D view.

Note: the B shortcut can be used to enter this method.
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Global Shift and Scale

Introduction

When loading (or generating) an entity with very big coordinates (typically greater tt'?:)nClJGudCompare will warn
the user about this anduggest to shift (or rescale) the entity in order to work in a local coordinate system with smaller
coordinates:

@ Global shift/scale @L&J
Coordinates are too big (original precision may be lost)! ?
Do you wish to translate/rescale the entity?
shiftfscale nformation is stored and used to restore the ongnal coordnates at export tme
Point in original
coordinate system (on disk)
= = Point in local
O oI o i coordinate system
Y= 5233985500000 — + saift -3596000.00 - X = 13.50000
7 = 445.100006 -
-5293300.00 T
7 = 446,10001
0.00
X Scale 1.00000000 2 [t
[ yes J[veswomn |[ 10

CloudCompare will suggest the user to shift the cloud if its original coordinates are too big

It is strongly advised to shift/scale the enigs in this case.

But why?

This is due to the fact that both CloudCompare and OpenGL works with 32 bitgdloes. This allows an increase of
speed and a 50% memory gain compared to 64 bits galue

However the 32 bits representation has a limited resolution (accuracy). Without entering into too much details here,
we can say that the bigger the number is, the less decimals can be stored. As a rule of thumb the 'relative' precision
(i.e. the smallesquantity that can be represented relatively to the maximal value) is roughly betweéarid10°.

This is generally more than sufficient for real life point clouds expressed in the scanner coordinate system (e.g. for a
100 meters range scan, the daipresentation precision will be around16r 106m = 1 to 10 microns).

However if the cloud is expressed in a geterenced coordinate system, the point coordinates can be very big
(typically about 16). In this case the data representation precisi@es up to 1 or 10 cm!

This is why it is very important to 'shift' the points when loading the file in CloudCompare. Otherwise the original
precision will be lost.

CloudCompare stores the shift and scale valuesnata-data and (tries to) keep them all @hg the entity life.
Eventually, when the user saves the entity CloudCompare will restore the original coordinate syéfahe output
file format allows for 64 bits values storgge

Mathematics

The global shift and global scale encode the transformalietween the original (global) coordinate system of the
entity and the working local) coordinate system.

LetT(x,y,z)be the global shift (translationgbe the global scale, arféla 3D point, then:
Pocai= (Félobal"‘ T) *S

or equivalently:

PglobaI: Rocal/ S-T
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Properties
The shift and scale values are displayed in the entity properties (if the entity support this):
Points 490,000
Global shift (-3546000.00;-5293900.00,0.00)
Global scale 1.000000
Point size ’ Default g

Edition
At any time the user can edit the shift and scale values associated to a given entity. IeditthEdit global shift and
scalé tool.

Bookmarks

By default CloudCompare tries to guess the best shift vector automatically (typically when loading a file, CloudCompare
will use the very firspoint coordinates as shift quantity). But the user is free to input the shift and scale values
(especially if one works with several clouds and want to work in a particular local coordinate)system

Once a first shift/scale has been used, CloudCompédte

1 use it for the next clouds if it works for them as well
1 let the user recall it whatever the case thanks to the drop down menu in the middle (just above the 'Shift'
fields see thd.ast inputentry)

However this information will only be stored duriniget active session of CloudCompare (it will be lost once you close
the program). In order to keep the information persistent, you can editglubal_shift_list_template.txfile next to
CloudCompare's executable and follow the instructions inside. Thasgeod way to store persistent shift/scale
information sets (kind of "bookmarks").
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Tutorials and guidelines

Alignment and Registration

This section deals with alignment and registration of 3D entities (clouds or meshes).

General considerations
Didyou say mesh?

As often with CloudCompare, meshes will generally be considered as clouds, either by considering only their vertices
or by sampling points on the mesh surface. For instance you daf cain&r8gisMation tool ICR) RA NB Ot & 2y
But behind the scenes CC will automatically sample points on this mesh in order to use it for ICP registration.

There's only one notable exception: the 'Point pair based' alignment tool can nowdzkdirectly on meshes (when
the user clicks on a triangle, CloudCompare will determine the actual intersection point on the triangle surface).

So instead of letting CloudCompare chose, you can of course do this conversion yourself:

1 instead of selectindhe mesh entity, you can simply select its ‘vertices' (a point cloud named 'vertices'
generally a child of the mesh entity in the DB tree). In this case you can 'hide' the mesh entity (uncheck the
'visible' checkbox in the mesh properties) and insteaspldiy its vertices (check the equivalent 'visible'
checkbox in the 'vertices' cloud properties). As mesh vertices are generally quite sparse, you can also increase
the points size (the/+ interactors that appear when you hover the mouse in the-tefp corner of a 3D view).

I you can alternatively sample points on the mesh (this way you'll have more control on this process) and use
the sampled cloud in place of the mesh. In the particular case of registration, if you want to apply the resulting
transformatian to the original mesh afterwards, refer to the next section.

Rigid transformation matrices

Almost all methods presented below are in fact various ways talyee a rigid transformation (matrix) to make an
entity move relatively to another one (see Apply Transformation). Whatever the registration tool you use,
CloudCompare will always issue the resulting transformation matrix in the console. This allowsrtteeapgay it- or

its inverse- to any other entity.

To do so:

9 first copy the matrix from the Console (typically with the shortcut CTRL+C on Windows)

1 then select the entity you wish to move call the 'EdApply Transformatiortool

1 paste the 4x4 matrix in the first tab. You can use the dedicated shortcutG@RL+Wn Windows) or the
‘clipboard' button (CloudCompare should automatically get rid of the block prifire between brackets])

1 you can even apply the inverse transformation by checking the corresponding checkbox (e.g. to go back to the
previous position of the entity) 'Apply transformation' dialog
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(o Apply transformation ? n

Matrix 4x4 Axis, Angle Euler angles

Enter 4x4 matrix values: ASCIIfile | | clipboard | | help

0.999863982201 -0.016358006746 -0.002093190327 278.330566406250
0.016347926110 0.999855101109 -0.004745850340 -63.369140625000
0.002170519670 0.004710985813 0.999986529350 -85.946289062500
0.000000000000 0.000000000000 0.000000000000 1.000000000000

D Apply inverse transformation

i oK Cancel

'Apply transformation’ dialog

This trick can be veryseful to perform registration on a small portion of a cloud (which you would have segmented
beforehand- typically with the'Interactive Transformation to§)l Then you can apply the same transformation to the
whole cloud afterwards or to another entity (mesh, etc.). See ‘#hkernative method for registering partially
overlappingclou®® &SO0GA2y 0St2g60

Alignment

CloudCompare offers various ways to roughiyinely align point clouds or meshes.

Match boundingbox centers

The easiest one is the boundidg2 E OSY i SNB YI G OKAYy3a YSGK2R® {AYLX & &asStS
Registration > Match boundifgox center 0 A YYSRAF GS STFSOGZI y2 RAFE2300 LG ¢
respective center of gravity.

It's clearly a very simple approach (it can only translate entities, and not rdtata)} However it can save you a few
clicks.

Manual transbrmation
LG Aa LlRaairoftsS (G2 AyiSNIOiA@®Ste RAALIIOS gAGK (KS Y2dza
>Translate / Rotate (Interactive Transformation T&oép

[GL filter] Ey Lighting (disabl is and

points size for a better result!)

9 v x
[Rotation/Translation moggl — Rotation |~ XYz

e = n3. Ty Tz

"Rotation/Translation" tool in action
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Picking (equivalent) point pairs

LYy20KSNI L2 gSNFdzAE &SaG  aAi Y LHigh (pdirk gairs picking |- € AeB fheuisér fick Seyaiak (G A S a
pairs of equivalent points in each cloud in order to register them. While the process is manual it can be relatively fast
and quite accurate (especially if registration spheres are present in both clouds as this tool is ntovdsiéet their

center automatically).

[GL filter] EyeDome Lighting (disable normals and increase points size for qﬁ)etta,r resuft) Y

N vERTRETIRE = | r=200.000 %

™~ \ 5
[Point-pair regist@ﬁ@ i =
2 Current RYs? 0.027 2 L z oL
& 7 # an -7.891 -32.961 -4.002 0.0203037
i g ! A1 -20.281 -30.851 -0.521 0.0459506
Av -13.565 -25.74 -6.549 0.009575.. v
< >

[v] show 'reference’ cloud &% |

X Y z Error
RN -27.616 -28.068 -4.147 0.0203037
R1 -40.149 -27.27 -0.396 0.0459506
R? -34.061 -21.453 -6.513 0.009575... v
< >

8 [ | adjustscale Rotation v xvz [¥]Tx [¥]Ty [v] Tz

i [ | auto update zoom align | |reset | X

Pick eq ‘alent points én both: clouds (at;“
Agedd points 'rnahua!!yf if hegessary)’.+

Standard alignment procedure (no spheres)

Automatic registration

Fine registration with ICP

For now, the only automatic method to very finely register two entities is the-kvewn Iterative Closest Point (ICP)
algorithm?®®  { S Registiati®n SUFine registration (IQP) a SOG A 2y ®

de

Alternative method for registering partially overlapping clouds
Hereisanoldway dfiBIA A GSNAyYy I Gg2 LI NIAFEEE& 2@FSNI I LEdeORIa@f 2 dzR A&
parameter).

“ 4

Preparation
f CANRGI NRdAzZAKE & NBIA aRIINIGBKStaalifoydastaddéSdoRa 06 A K GKS W

Note: if you don't already know which cloudfwi 6 S i K S theéloRd thiat- wi mavpaddiaRichcone will be the
YY2 RSt e ddé tRatizion'tdnovethen you should select the densest one as model (reference)

Creating a subset of the data cloud
1 clone the data cloud and hide the original one

20 hitp://en.wikipedia.org/wiki/lterative _closest point
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1 select the new version of the data cloud and use thteractive Segmentation toab keep only the points
clearly overlapping with the model cloud

Register the 'data’ cloud (subset) with the model cloud
1 apply the Fine registration (ICP) algorithm to theta cloud subset and the 'model' cloud
1 once done, CloudCompare will output the resulting transformation matrix in the Console
1 copy this transformationGTRL+6n Windows)

Apply the rigid transformation to the original data cloud
1 make the original dataloud visible again and select it
1 launch the\Bdit> Apply Transformatioftool
1 paste the transformation@TRL+%n Windows) in the first tab
1 click on the 'OK' button

That's it!
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Distances Computation

This section describes what kind of distances can be computed with CloudCompare and how these distances are
computed.

There's mainly two kinds of distances described below:

1 either the distances between two point clou@idoudcloud distances
91 orthe distances between a point cloud and a medbydmesh distances

The third kind of distances that would naturally come to minthe 'meshmesh’ distance- will be treated by
CloudCompare as a ‘cloudesh' distance: one cagither choose to use only the compared mesh vertices for computing
distances (if they are regularly and densely sampled on the surface) or alternatively to sample points on the compared
mesh surface. More information can be found in tHew to compare two 3D modelstorial.

Cloudcloud distances

Cloudcloud distances can be computed by selecting two point clouds and then clicking ‘2 y @ Gldd @ K $
to-Cloud Distance computatibn G 22f &SOGA2Y F2NJ Y2NB AYTF2NXIGAZ2Yy D

The default way to compute distances between two point cloutiésmearest neighbor distance': for each point of the
compared cloud, CloudCompare searches the nearest point in the reference cloud and computes their (Euclidean)
distance. This corresponds to the (default) case where local model is set to 'NONE'.

\
\

nearest ®
neighbor S
¥ distance _.-7.-" \
N ,,’ . .
LR 7T “tue” N Compared
" i clou
3 distance ‘. loud
N <
) \
@ P
N
Q o
.
Reference i
N
cloud \.\
28 ‘true” surfaces
N (implicit)
.

Localmodeling

If the referencepoint cloud is dense enough, approximating the distance from the compared cloud to the underlying
surface represented by the reference cloud is acceptable. But if the reference cloud is not dense enough, the nearest
neighbor disance is sometimes not precise enough. Therefore, it can be necessary to get a better model of the surface.

Of course, if one can obtain a global model of the surface easily, it's much simpler and potentially more accurate to
compute directly the distanceNfER Y G KS 02 YLI NBR Of 2 Oidmiésh distaded AYRARISA 2 yo 56555
But it's generally not so easy to get a clean and proper global model. Therefore, CloudCompare provides an
intermediate way to get a better approximation of the true dista to the reference surface. Not as precise as a true

global model, but much easier to compute.
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Precise results

ngeral parameters Local modeling
Local model ‘201‘1’2 Triangulation v

oy o NONE

(© Points (kNN) Least Square Plane l

P pall 2012 Triangulation
*! |Height Function |

[T] use the same model for all its points

When CloudCompare has determined the nearest point in the reference cloud, the idea is to locally model the reference
cloud (underlying) surface by fitting mathematical model on the 'nearest' point and several of its neighbors. The
distance from each point of the compared cloud to its nearest point in the reference cloud is replaced by the distance
to this model. This is statistically more precise and desendent on the cloud sampling (it can locally prodsitange

results- as the modelling phase is very limitedut it gives much better results on a global scale).

| —— measured distance |
i===-~ frue distance i

With the latest version of CloudCompare, the user can fully setup the way thedobésby choosing:

1 the mathematical model: either the least square best fitting plane, or a 2D1/2 Delaunay triangulation, or a
quadraticheightfunction (the latter being the more precise but also the longer to compute)

1 the way the neighbors are extractedoaind each 'nearest' point in the reference cloud (either by setting a
fixed number of neighbors, or by providing the radius of a spherical neighborhood)

1 and eventually one can choose to apply an approximation of this scheme by sharing the same localithodel
several points of the reference cloud instead of computing a new model for each. The process is much faster
this way (especially for big neighborhoods) but also much noisier.

L | >
ny

(O
O O O

Result without (left) and with local modeling (right). Note that the mmaxh distance doesn't change while the lower part of the histogram is clearly
shifted towards zero.
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General considerations
When comparing two points clouds directly (especially without model), here are a few 'guidelines":

1 make sure that the reference clowktents are wider than the compared cloud ones (to avoid virtually high
distances on the boundaries). More generally, try to make sure that the reference cloud always overlaps the
compared one (that's also true for cloudesh distances).

1 always try to gethe highest possible density for the reference cloud (as it will directly change the results
accuracy)

9 if the reference cloud is very noisy, consider using the least square best fitting plane model (which is more
robust to noise). On the contrary, if theference cloud is clean but with high curvature, consider using the
guadratic height function.

Other options
CloudCompare can split the computed distances along the 3 main dimensions (X, Y and Z¥plit tkeY and Z
componentscheckbox is checke@loudCompare will generate 3 more scalar fields, on for each axis.

Cloudmesh distances

Cloudmesh distances can be computed by selecting one point cloud and one mesh and then clickingz;'.’.:’ridmle. See
0KS Wi Q@R 5A a0 yOS O2 vmdozinforinatigny Q aSOGA2y T2

o
a
o
R’
I
a
o
"
o
n
"
u
a
n
B
a
"
v
a
0

In this mode, for each point of the compared cloud CloudCompare will simply search the nearest triangle in the
reference mesh. As meshes generally provide (indirectlsigl@ainformation (one can determine what is inside and
outsideof the mesh by looking at the normal of the triangle), cleudsh distances can be signed (this is the default
behavior).

The user can choose to either ignore the normal information (by unchecking the 'signed distances' checkbox) or to
invert it (with the'flip normals' checkbox).
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How to compare two 3D entities

Load data
hliSy GKS (62 o5 SyiiAdrsSFies@ddh mefidenty2 O2YLI NB 6AGK (KS
These two entities can be:

1 2 point clouds

1 2 models (triangular meshes onl S S Sligp@ted¥ormatl® a SOGA 2y 0
1 orone of each

Data preparation

Scaling the entities
(If the two entities have already the same scale you can skip this step)

9 first choose an accurate element, visible in the two entities: edge, cornice, line or any other rectilinear element.
If you can't find such an element, then choose two specific points/vertices clearly visible in the two entities:
crossing of two lines or curves, corner, etc.

1 then measure the length of this element (or the distance between the two specific points) antite with
the largest scale. To do this launch use tl®ols >Point pickingﬂi’? tool.

Note: if you work with a model (mesh), you'll have first to make its vertices visible (by enabling the ‘vertices' entity in
the database tree) or alternatively to sample pointsthe mesh- see last remark at the end of this tutorial.

©* CloudCampare - [30 View 1] =8|
B Ed Delay PS50 Wess  Hab =18] x|
| \ I | sem [ 5 Z L e M R, B B eperes
(| ¥ S A J DU ISR T R B A A 1Y Ry Pes| o
|08 Tr
Z 1,
5 ) T1_aleaotearts_eowshadaiSa, ply
™ M & sehout
] ) Yestices.pat
11
Q
—
? ™ cs
; ﬁ! |Propertios
- J
Corecle
[09:53:11] {Picked) - P2492444: (120.09;-T522 £4;-931 .28) :‘
[09:53:11] [Pcked) - Normal: (0.60;-0.32,0.73)
[09:53:12] [Picked] Vector #492444 - 2363464
[09:53:12] [Pcked) - Detance w 174.43
{09:53:12] {Picked] - P2492444: (120.09;-7522 £4;-931 28)
[09:53:12] {Picked) - PEI6I464: (118.48;-T695 6%,-953.12) j

Distance measurement between two points

1 let's call the measured distancen Note it down (hint: it will also be displayed in the Console window or you
can also save the corresponding label).

1 repeat the process on the other entity (i.e. the one with the smaller scale). Let's call the resulting distance D

I compute the scaling factor S Dnax/ Dmin
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1 eventually apply this scaling factor on the smaller entity with'tait >Multiply / Scalétool (use the Sactor
for all dimensions).

Note: conversely, you can scalewn the model with the larger scale by applying the inverse factor on it.

Roughly registeng the entities
(You can skip this step if the two models are already roughly registered)
1 first, if the entities are far apart, select both of them and use Thaols >Registration > Match boundidgox
centers method (to make their centers of gravityatch).
9 then select one of the two entities (ideally the one that should move)
1 S@Syildz t & ¢Randatel Rofate KrerattiveZT@mnsidrmation T@Si? , you can interactively
rotate and translate the entity so as to (roughly) superimpose both entities.

7 ClowdCompare - [30 View 1]

[ 2] (Pked] - PEIIA6A (110,90,-T695 65,-953.12) -]
It ] [Graphicaltrareformation Tool] Apphed transformationy

{ 0]0.9551 76924561 0.086046105927 0.2711451649%67 906 680175791 250

: 60 0.9696206129%5 -0, 14032060504 263,401 g

-0,277689248323 0.120253956061 0.952154815197 B63. 807006836938

0.000000000000 0,000000000000 0.000000000000 1,000000000000

Manual regstration of two entities with the 'Rotate/Translate' tool

Finely registering the entities
(You can skip this step if the two entities are already finely registered)
1 NBFTAYS YR FAYAAK (GKS NB3IAAG Registiagoy > Aigh (poiit Sairsipigkdg) Sy G A
@G22t I yR Regotation & Rine tegiskration (IGY tool.
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=101
W Edt Tods Diwlay Pape S0Yaws ik =18 x|
& B0 {4 P EX (1985 . R &y & | L =3 s J || Gl @ revntre | »

08 Tree 8

= M W T1_aWragmecks_sowshade?Sa, phy ¢

(2] 5 W

] O vestices.part
1l & dosd
o [ Clouds registration
Q Rooke asspnation
o=
b . Data: I:b.::t
o
o |Mm|: ety
il T e
e 2 |
— |Properties

Stop erkevion

T =
(¢ Eror diference: ﬁ:b—
Resewdh' paraneters

Random sanping Iret [0 =
™ use dsplarend moded scalar fiakd as waights

I~ uze deplayed dsta scalar fiedd 25 weights

™ Enabls furthest porks remaval.

[{ -
0.9605%5] 20625 -0.035148119710 —J
12643 0.9504046 26046
. 268655015697 -0, 104583576322 &3 51 -an 41
0.000000002000 0.000000020000 2 00 i a j
-

Automatic registration of two entities with the 'Register’ tool (ICP)

Data comparison

You can now compute the distances between the two entities.

Select both of them and choose tlagpropriate distance computation tool:

9 FT2NJ Of 2dzRk Of 2 dzR Didt@nyesl Cldudl@ofiddisdzaldmdcibud Sistatced: * tool

1 F2N) Ot 2dzRk Y2 RSt  (DBtincdls NICH@IfMESh dist Gelotdhiiedh didtance): " tool.
Warning: in this case the model will always be considered as the 'RefergnCébdCompare. If you want to
use the model as the ‘compared’ entity, you'll have either to select its vertidgebey are dense enoughor
sample points on the model as suggested at the end of this tutorial. Eventually you'll have to perform a
cloud/cloud comparison (see above).

1 F2N) Y2RSt kY2RSt Oitahcds NBIGud/MeEh dista (Sotainfesh distance)}ool as well.
Warning: in this case CloudCompare will only use the vertices of the '‘Compared' mesh. If they are too sparse,
you can also sample points on the modslsuggested at the end of this tutorial.

Note: depending on the size of the entities and their spatial extents, this process can take from a few seconds to... a
much longer time. To optimize the process, try to avoid as much as possible largeertappng areas (you can
YEydz- £ €& &aS3aYSyd Sédgmént(@iraciive SegaentatipniTedl))i KS W

Once the computation is done, the color scale can be adjusted iRthgertieof the compared entity so as to display

the results in a better way.
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il
=l&]x|

‘v JJ | Remove filter >

gﬁile Edit Tools Display Plugins 3D Yiews Help

H B E R B X ‘T 8

~|DB Tree =]

S 3 Ti_alfragments_envshade254_part...

B0 ® Mesh
O O vertices
> @ Points
l I~ Camera Link ‘
Properties (]
| Property I Statefvalue l:.l
Positive L

|-15,000000c=] displayed [15,000000002]

i |

[0,00000000 = color sat. [10,00000000=]
1 t

HOEOEl e+ =28 %

= =
[V absolute saturation [~ log scale
[V release boundaries
NaN in grey
Display color scale =

Console

[11:33:12] [ComputeApproxDistances] Time: 1.10 s, :J
[11:33:28] [ComputeDistances] Time: 15.00 s.
[11:33:28] [ComputeDistances] Mean distance = 0,056285 { std deviation = 4.629522

Typical reslt of a distance computation process, with color scale display parameters adjusted

Dealing with sparse mesh vertices
If the compared entity is a mesh, CloudCompare will only compute the distances from its vertices to the reference
entity. If those vertice are too sparse (i.e. with a too low density), you may want to sample points on the mesh first

(with a high sampling density). To do this, use 'thdit >Mesh > Sample poiritﬁﬁ' tool. Then use the resulting cloud
as 'compared' entity instead of the original model.
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Tools and algorithms

Here are described all the methods of CloudCompare in the order they appear in the menu.

File menu

Open

Menu / Icon
This tool is accessible via the 'File > Open' menu oé~lieon in the upper main toolbar.

Description
Loads entities from one or several files.

\.(E‘, Open file(s)

Organiser v Nouveau dossier

A Daniel Nom
1% Ordinateur & pad_gvl.bin
&, Disque local (C:) & penly.bin
= Tokyo (D:) & penly_part.bin
a Kyoto (E) & random_cylinders.bin
= EMPTY (F:) | & random_cylinders_true.bin
s Lecteur DVD RW (G:)

&5 Lecteur BD-ROM (H:)

Q random_spheres.bin

| g random_spheres_true.bin

eﬁ Réseau | . p .
& sphere_with_normals.bin

[E8 Panneau de configuration

& Corbeille

07 Baviere

Q test_bug_distances.bin

,‘.‘i test_multiple.bin

Nom du fichier: random_cylinders.bin v [BIN CloudCompare binaries (*.| V]

[ Quvrir ][ Annuler l

WCAt Sdidlog[ 2 I RQ

Procedure
Select the right file type (with the dregown list next to the filename field). Alternatively you can let CloudCompare
guess it from the file extension (use thdl'(*.*)' entry).

A file typically contains one or several entities (clqudsshes, etc.).
Notes:

1 readonly access to the files. Moreover, once the entities are loaded CloudCompare will close the file and
'forget' about it.

1 the loaded entities are automatically put in a 'group' which has the input flename as name. However this
group has no link to the file.

1 alternatively, files can be opened by dragging them from the file explorer and dropping them on a 3D view.

Supported formats
{ S8 (KS &dzLILi2 NI SSHppdradtfis formaNva SiGi M3y i KS W
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Save

Menu / Icon
This tool is accessible via the 'File > Save' menu c='feon in the upper main toolbar.

Description
This tool let the user save/export one or several entities to a file.

F——— =
@ Save file

. « These » Donnees » Modeles » v Rechercher dans : Modeles

Organiser v Nouveau dossier

I Images Modifié le

. Kinect |
I\ FBX 12/12/2013 10:3

b 16/04/2013 21
Ji MA 16/04/2013 21
I} MNT-MNS 25/11/2009 2

1. obj 20/05/2014 2

Il ply 25/07/2014 115
J. VRML 25/07/2013 2211
b vTK 27/02/2014 175 |
I\ X3D 25/11/2009 22:; ~

1 Laser
.. Modeles
| Rasters
I, SHP
. Users
J Jury
. Matlab
.. Rapports
I Softwares o

Nom du fichier: |

Type: [BIN CloudCompare binaries (*.bin)

4 Cacher les dossiers

WCcAtS B {IB3SQ RAIFf23

Procedure
Select one or several entities then call this method.

Warnings:

1 be sure to select the right file type in tAg/pedrop-down list.
1 depending on the entities number and types, the available file types may change
1 some file types don't support neASCII characters (accents, ragtidental characters, etc.)

Supported formats
{SS G(GKS adzLJL2 NIi SSRppdrtadfils formaNya SIGi M3y d KS W
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Primitive Factory
Menu / Icon

This tool is accessible via thgle > Primitive factotynenu or theaL icon in the upper main toolbar.

Description
The Primitive Factory lets you create primitive objects (planes, spheres, boxes, etc.).

@ Primitive factory |

[ 3 Plane l 3 Box ] @Sphere l @Cylinder I & Cone ‘ & Torus ‘ @ Dish

inside radius 1,000000

outside radius ~ 1,500000

angle (degrees) 360,000000

[] Rectangular section

Initial precision 24 ¥

WCAES B tNAYAGAGS TIOG2NEQ

You can choose the primitive type by selecting the right tab (Plane, Box, Sphere, Cylinder, Cone, Torus and Dish). For
the selected primitive, you can edit its parameters (mainly dimensions) then create it by clicking on the 'Create’ button.
The process can be repeated several types (you can change the primitive type as well) until you close the factory with
the 'Close’ button

Notes:

1 optionally you can also set the initial precision (i.e. the amount of triangles of the tessellated version of the
primitive). However this parameter can be freely changed later in the primitive parameters

1 primitives are defined along the main ax€X, Y and Z) by default. However you can apply a rigid
GNF yaF2N¥YIFGA2Y (2EdksApply TrarSfoiinatiofR & Sd KER ¢ KS W
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3D mouse > Enable

Menu / Icon
This tool is accessible via the 'File > 3D mouse > EiJbteénu.

Description
If a3Dconnexiordevice is conneetd to your PC, you can enable or disable it via this menu entry.

©

®s

\L“/-

L

3Dconnexion devices

Success of the operation should be reported in the Console

Close all
Menu

This method is accessible via the 'File >

all'http://www.cloudcompare.org/doc/wiki/index.php?title=File:3dconnexion_logo.jpenu.

Description
Closes all loaded entity.

Note: CloudCompare will ask the user to confirm this action (if entities are loaded).

Close

Quit
Menu

This method is aassible via the 'File
Quit'http://www.cloudcompare.org/doc/wiki/index.php?title=File:3dconnexion_logo.jpgnu.

Description
Quits the application.
Shortcut:ALT+F4

Note: CloudCompare will ask the user to confirm this actioantities are loaded).
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Edit menu

Clone
Menu / Icon

This tool is accessible via the 'Edit > Clone' menu, or vi%¥igon in the upper main toolbar.

Description
Clones the selected entities. All data are duplicated.

Merge
Menu / Icon

This tool is accessible via the 'Edit > Merge' menu, or viE’EH&:on in the upper main toolbar.

Description
Merges two or more entities. You can currently merge clouds or meshes.

Merging clouds
Warning: when merging clouds, the original clouds will be deleted (you may have to save or clone them first).

Merging meshes

When merging meshes, the original meshes are not modified/deleted. CC will create a new composite mesh structure.
Submeshes are also created for each input mesh so that the original structure is preserved (useful when saving the
result as an OBJ file).

DB Tree

| 4 [v] & Knee joint
& Femur
® Patella
#® Tibia

4 [v]'® Merged mesh

[] & vertices
] %* Femur
(] %# patella
(] %2 Tibia

[ ] camera Link

Merging meshes (input: 'Knee joint' grouputput: ‘Merged mesh' entity)

Note: all triangles are copied but not aelly merged topologically speaking (i.e. they won't share the same vertices).
Refer to theqgCork (Boolean Operations on Meshph)gin to do this.
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Subsample
Menu /lcon

This tool is accessible via the 'Edit > Subsample' menu, or Vi feon in the upper main toolbar.
Description

Subsamples a point cloud (i.e. decreasesniumber of points).

Several subsampling methods are available (random, spatial and dudress]).

Notes:

1 for each input cloud, a new subsampled cloud is created (the original one is simply deactivated)
1 asubsampled cloud is a subset of the input cl¢the original points are not displaced)
1 thanks to this, a subsampled cloud keeps the features of its source cloud (scalar fields, colors, normals, etc.)

Procedure
Select one or several clouds then launch the tool.
Cloud sub sampling B4
Sampling parameters
method Space =
large small

min. space between points | 0.0000 5

[ ] use active SF

4 4

Subsampling dialog

Random
In ‘random'mode, CloudCompare will simply pick the specified number of points in a random manner.

Sampling parameters

method Random >

none all

remaining points | 361499 =

Subsampling 'Random’' parameters

Spatial

In 'spatial' mode, the user must set a minimal distance between two points. CloudCompare will then pick points from
the origind cloud so that no point in the output cloud is closer to another point than the specified value. The bigger
this value is, the less point will be kept.

Use active SF (option)
Since version 2.6.1., instead of specifying a single value for the spatiahgulbty mode, the user can use the currently
active scalar field so as to modulate the sampling distance with the scalar values. The user has to specify the sampling
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distance corresponding to the minimum and maximum scalar values and Clihedty interpolate the spatial
distance.

For instance, if the cloud is associated to a 'curvature' scalar field, you can tell CloudCompare to sample more points in
curvy areas and less points in planar ones:

Sampling parameters

method Space v
large small
min. space between points 0.0000 5

SF value Spacing value
min 1.624 10.000000 =
max 10.7988 0.100000 =

Subsampling 'Spatial' parameters based on the active sfiald values

[GL filter] EyeDome Lighting (disable normals and increase points size for a better result!) [GL filter] EyeDome Lighting (disable normals and increase points size for a better result!)
i . Curvature ]

10.798780

10.225357

2.197424
1.624001

Left: original cloud with a scalar field proportional to the local curvaguight: subsampling output

You could do the same with a noise or confidence scalar field, etc.

Octree
The 'octree’ mode lets you select a levekabdivision of the octree at which the cloud will be 'simplified'.

In each cell of the octree, the nearest point to the octree cell center is kept.
Notes:

9 the higher the level is, the smaller the cells are (so the more points you'll keep)

1 the maximum octre level is 10 in the 32 bits version of CloudCompare, and 21 in the 64 bits version.

9 thetool differs from theOctree > Resamplmethod. The Resample tool computes the center of gravity of the
points falling in each cell (i.e. the created cloud is nstilaset of the original cloud)

CloudCompare Version 2.6;lser manual



43

Apply Transformation
Menu / icon

This tool is accessible via the 'Edit > Apply transformation' menu.

Description

This tool allows the user to transform (i.e. rotate and/or translate) the selected entities. The transfonn@tapply
can be input in various ways.

(o Apply transformation ? n

Matrix 4x4 Axis, Angle Euler angles

Enter 4x4 matrix values: ASCIIfile | | clipboard | | help

0.999863982201 -0.016358006746 -0.002093190327 278.330566406250
0.016347926110 0.999855101109 -0.004745850340 -63.369140625000
0.002170519670 0.004710985813 0.999986529350 -85.946289062500
0.000000000000 0.000000000000 0.000000000000 1.000000000000

[] Apply inverse transformation

‘ oK ) Cancel

'Apply transformation’ dialog

Start
The user must select one or several entities before launching this tool. The entities can be about any 3D geometry
(clouds, meshes, polylines, primitives, etc.).

Note: locked etities (submeshes, etc.) can't be moved this way.

Procedure
The user has multiple choices to set the transformation to apply (see below for more details):

1 as atransformation matrix
1 the combination of a rotation axis, a rotation angle and a translatiector

1 the combination of Euler anglég and a translation vector

A checkbox let the user specify if he wishes to apply the currently defined transformation or it's irvepbeifiverse
transformation).

Once defined the transformation can be applied by clicking on the OK button (or the process can be canceled by clicking
on the Cancel button).

The transformation is applied to all selected entities and to their children (recursivelyjetransformation is added
to each entity'sTransformation history

Input a transformation

Transformation matrix

A rigid transformation matrix is a composition afrotation (a 3x3 matrix) and a translation (a 3D vector). For
convenience, it can be written as a 4x4 matrix (the rotation matrix corresponds to the upper part of the 3 first columns,
the translation vector corresponds to the upper part of the 4th columng the bottom line is always filled with 3
‘zeros' and a 'one’).

In he first tab '(Matrix 4x4") the user can input the matrix values directly; or load them from a text file (each row of the
matrix on a single line, i.e. 4 values separated by a spacedatiea); or eventually paste it from the clipboard. For
instance, most of the registration tools in CloudCompare will output the final transformation as a 4x4 matrix in the
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Console. The user can copwitth CTRL+C on Windowand paste it here so as to ply the same transformation to
another entity.

Rotation axis and angle + translation

The rotation part of the transformation can be input as a single rotation angle about a 3D axis. The sectAgisab (
Angle") let the user input those values (the anggen degrees). It's the fastest way to apply simple rotations about X,
Y or Z for instance.

Euler angles + translation
The third tab (Euler angles'let the user define the rotation as Euler andgléphi, theta and psi).

Multiply / Scale

Menu
This tod is accessible via the 'Edit > Multiply/Scale’ menu.

Description
This tool lets the user scale the selected entities (clouds, meshes or polylines).

fx 10.00000000 ¢ fy 10.00000000 s fz 10.00000000 <
E OK H Cancel ]

‘Multiply/Scale’ dialog

CloudCompare will actually multiply the entities coordinates by user defeedrs (one per dimension).
Warnings:

1 the input entities are changed directly
1 on completion, the 3D view zoom and camera position won't change. So depending on the scaling values you
might have to update the current zoom (use thmagnifiericon for instance)

Procedure
Simply select one or several entities then call this tool.

21 hitp://en.wikipedia.org/wiki/Euler_angles
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Translate / Rotate (Interactive Transformation Tool)
Menu / icon

This tool is accessible via tﬁ%" icon in the upper main toolbar or the 'Edit > Rotate/Translate' menu.

Description

This tool allows the user to interactively move the selected entities relatively to the other ones (or equivalently to the
default coordinags system).

[GL filter] EyeDome Lighting (disable normals and increase points size for a better result!) il e vl (x

[Rotation/Translation mode] Rotation |~  XYZ

s ] T [¢] Ty [V] Tz

Ww2 il GSkeNI yatrd8Q (22t Ay | OdAazy

Start

The user must select one or several entities before launching this tool. The entities can be any 3D geometry entity
(clouds, meshes, polylines, primitives, etc.).

1 Notes: locked entities (suimeshes, at.) can't be moved this way
1 only the entities displayed in the active 3D view will be considered

Procedure

The standard mouse interactions with the 3D view are used to modify the selected entities position (instead of the
current camera):

1 left click:rotate
9 right click: translate

Pause

At any time, the user can 'pause’ the transformation mode (click on the 'pause' button or hit the space bar) in order to
modify the camera position/orientation, and then restart the transformation process bypausingit (new click on

the 'pause’ button or new hit on the space bar).

Constraints
Optionally, constraints can be added to the applied transformation:
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i rotation can be constrained to a single axis (X, Y or Z). Use theddvap menu to select the current
dimension.

9 translation ca be constrained to zero, one or two dimensions only (among X, Y and Z). Just uncheck the
dimensions that should be ignored.

When done, use the validation icon to apply the transformation, or the cancel button to revert it.

Note: on valilation, CC will output the applied transformation to the console.

Shortcuts
Some keyboard shortcuts are available:

Space bar Toggle 'pause' mode
Escape key Cancel transformation (close the tool)
Return key Apply transformatioifclose the tool)

Segment (Interactive Segmentation Tool)
Menu / icon

This tool is accessible via tfié icon in the main upper toolbar or the 'Edit > Segment' menu.

Description

This tool allows the user to interactively segment the selected entitiedefiping a 2D polygon (or a rectangle) on the
screen. This process can be repeated multiple times, changing the orientation of the entities each time, so as to properly
segment the entities in 3D. Each time the user can decide to keep the points (olegafalling inside or outside the
polygon border.

Segmentation [ON] (polygonal selection)
Left click: add contour points / Right click: close

WLYGSNI OGAPS {SaYS8yidltidazyqQ G222t Ay FOGAzy

Currently this tool can be used to segment clouds or meshes (see below for more information).
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Procedure
Select one or several entities and start the tool. A neal bar will appear in the topight corner of the 3D view.

Polygon edition mode
By default the tool starts in 'polygonal’ editing mode. This means that you can start drawing the polygon right away:

1 left click: create a new polygon vertex

9 right after thefirst vertex is created, you'll see that the first polygon edge will start to "follow" the mouse
cursor. You have to define the position of the second vertex (left click) in order to 'fix' it. This process will start
over with the next edge and so on.

1 right click: stop the polygon edition (warning: the currently floating' vertex won't be added to the polygon)

Rectangle edition mode
You can switch the 'Polygon edition' mode to 'Rectangle edition' mode by clicking on the down arrow next to the
‘polygon’ ion:

WEJCHeO " v]|@ ([x]
(> Polygonal selection
[C] Rectangular selection

In 'Rectangle edition' mode you have to left click a first time to define the first corner of the rectangle then click a
second time to define the opposite corner (alternatively you can keep the left mouse button pressed and the opposite
corner willbe created once you release the button).

Segmentation
Once the polygon/rectangle edition is finished, if the user clicks on the left button the edition process will start over
(i.e. the current segmentation polygon will be discarded).

Otherwise theuser has to choose whether to keep points insiﬂ)(or outside E]) the polygon. Once done the other
points will disappear (as well as the polygon). The tool will fall back in "paused" mode.

Paused mode
In paused mode, the mouse can be used to modifyahtities orientation and position in the standard way.

The user has multiple choices:

1 modify the current entities orientation and segment more points (click on bhbutton to leave the 'paused’
mode and define a new polygon/rectangle)

1 reset the current selction ([@)
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1 validate the current segmentation and create two clouds: one with the selected points and one with the others
)

1 validate the current segmentation and create only one cloud with the visible pcﬁi)s-(the other points
will be deleted

1 cancel he segmentation proces:x\) (no modification will occur)

Polygon Import / Export
The user can import or export the current polygon as a (flat) 3D polyline.

W=HO- @0 = v B[]

4« Use existing polyline

] Export segmentation polyline

Import

A new segmentation polygon can be imported anytime with the Use existing polyline ofttigifl. be added to the
root of the DB tree with a default name.

CC will display a simple list of all polylines it founds in the DB tree so that the user can select the one he wants to use.
Warning: any previously defined polygon/rectangle will be didedr
Export

The segmentation polygon can be exported as soon as it has been 'closedtlisghtatnd BEFORE segmenting the

points (inside or outside).

b2GSY GKS SELRNISR LRtetAyS sAatt KI @GS | Ucurdik Gewpd NI Q S
parameters and allows the user to restore the exact same viewport later (by clicking on the 'Apply' button in its
properties). Viewport can also be saved in BIN files. This way it is possible to apply the exact same segmentation process
to the same entity or to other entities (first apply the viewport, then start the tool and eventually import the polyline

see above).

About mesh segmentation

In the case of meshes, this tool doesn't cut the triangles crossing the polygon edges. Those triangles are always removed
(i.e. this tool only keeps the triangle having all their vertices inside or outside the polygon). The result can be &cceptabl

if the mesh has very small triangles. It can be more problematic if big/long triangles cross the segmentation polygon.

CloudCompare Version 2.6;user manual



49

Segmentation [PAUSED] @ @ D] E]
.

Unpause to segment again

Closeup of mesh segmentation near the polygon edges (original mesh is shown as wireframe
and the segmented mesh is in plain coldtge polygon edge is in green

Shortcuts
Some keyboard shortcuts are available:

Space bar
Escape key
Return key
Delete key
Tab

CTRL key (pressed)

|
O

Space bar

Toggle 'pause’ mode
Cancel

Apply

Apply + delete hidden points

Switch between polygon and rectangle
edition mode

Use a rectangular selection area
(whatever the edition mode)

Select points inside
Select points outside

Toggle ‘pause’ mode
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Crop

Menu

This tool is accessible via the 'Edit > Crop' menu.
Description

This tool is usetb crop one or several clouds inside a 3D box.

Note: this tool creates new clouds (one for each input cleifidhe cloud is intersected by the 3D box)

Procedure
Select one or several clouds then start this tool. The standard 3D box editing dialogsaappear

Crop

Center v | |width v |
X 490218.62500000 *| 1516.21875000 :
Y 5261951,00000000 *|  1862.00000000 =
Z 38605999756 +| 43604003906 :

3D box editing dialog

By default, the box is initialized to the boundibgx of all selected clouds (this default box can be restored anytime by
clicking on the 'Default’ button).

The user can define the cropping box in multiple ways:

1 by defining thecenter and dimensions of the box [default]
1 08 RSTFAYAYy3 GKS YAy 02 Ny SoydefinjadtheimsxSorieianoShe dihehsioasoR F (G |
the box

1 for cubical boxes (the same dimension in all directions), you can check the 'keep sdpemidiox.
1 you can recall the previous box (if you call the tool several times) by clicking on the 'Last' button. The ‘Last'
button only appears if the tool has been called at least twice.

Eventually click on the 'OK' button to crop the input clouds andterthe corresponding subsets (or click on the '‘Cancel’
button to cancel the process).

Crop example (the (grey) cloud has been cropped out of the original (white) cloud
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Edit global shift and scale

Menu
This tool is accessible via the 'Edit > Edit gleb#t & scale' menu

Description
This tool let the user edit the 'Global Shift & Scale' of the selected entity (cloud, mesh or polyline).
{ SS QGlokabShitandScale a SOGA2Y F2NJ Y2NBE AYyTF2NXNI GA2Yy O
Procedure

Select an entity (cloud, mesh or polyline) and start this tool. A dialog very similar to the one that CloudCompare displays
when an entity with big coordinates is loaded will appear:

A numerical ‘example’ of the current shift and scale settings is given in the turquoises frames:

1

The user can change the shift and scale values. The values in the turquoise frames are automatically updated to reflect
these modificatios. The modified values appear in purple or red:

When the shift and scale values are modified, then either the local coordinate system or the gloluhatmsystem
will be impacted.

shiftfecale information is stored and used 1o restore the orional coordinates at export tine |

Point in original
coordinate system (on disk)
X = 3546013.500000
¥ = 5293286,500000

7= 442670013

diagonal = 992, 141087

|Orignal
— + shift -3545000.00
~5293%00.00
0.00
X Scale 1.00000000

|| Keep original position fixed

Point in local
coordinate system
X = 13.50000
y = -613.50000
7= 442,67001

diagonal = 992.14109

Yes | Cancel

'Edit global shift andcale’ dialog

on the left a point is expressed in the global coordinate system (along with the boubdindiagonal length
in the bottom part)
on the right,the same point is expressed in the local coordinate system (with the equivalent bodnating
diagonal length as well)

shiftfecale information is stored and used 1o restore the orional coordinates at export tine |

Point in original
coordinate system (on disk)
X = 354013,500000
y = 528686, 500000
7= 442670013

diagonal = 992, 141087

|Orignal
— + shift -354000.00
-529300.00
0.00
X Scale 1.00000000

|| Keep original position fixed

Point in local
coordinate system
X = 13.50000
y = -613.50000
7= 442,67001

diagonal = 992.14109

Yes | cancel

'Edit global shift and scale' dialog with a pending modification (local coordinate system maintained)

Keep local coordinate system

By default, the tool will modify thglobal coordinate systemThis way one can easily change the-tpaalization of

the cloud, or even simply remove them so as to save the cloud in a locdicats system.
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In this mode, no modification to the cloud currently in memory will occur. However when exported, the entity might
not be in the same place as the original one.

Keep global coordinate system

It is possible to tell CloudCompare to maintdie tglobal coordinate system unchanged. For this the user must check
the 'Keep original position fixed' checkbox.

In this case the local coordinate system will be modified so as to maintain the original (global) one:

@ Global shift/scale ‘
shift/ecale information is stored and used to restore the orignal coordinates at export tine
Point in original
coordinate system (on disk)

x = 3546013.500000 (Orignal . mmm::::msyml

¥ = 5293286,500000 — + shift -353000.00 % = 3192013.5

z = 442.670013 =

-529300.00 y = 4763385.5

=527
0.00
X Scale  1.00000000 P —_ agonal =992.1
diagonal = 932, 141087

|¥] Keep original position fixed \ Cancel

'Edit global shift and scale' dialogttva pending modification (local coordinate system maintained)

In this mode the cloud in memory will be translated. However when exported, the cloud will be in the same position as
the original one gpart if other transformations have been applied of @

Toggle (recursive) menu
Menu

This submenu is accessible via 'Edit > Toggle (recursive)'".

Description

This submenu is mainly a collection of keyboard shortcuts. Each one toggles a given property of the selected entities
(and their siblings)

Shortcuts

T

Activation®

Visibility

A

\%
Colors C
Normals N
Scalar field S
Materials/textures M

3D name D

(MNot recursive (i.e. only the selected entities activation state is toggled, not their siblings)
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Delete

Menu

Thistoolid OO0S&aaAroftS GAlF (GKS WORAG B 5StSGSQ YSydzo
Description

Deletes the selected entities.

Shortcut:DELkey

Warning: action is immediate (no confirmation message).

Colors > Set Unique

Menu / Icon
This tool is accessible via the 'Edit > Colors > Set urg,unénu.

ol

Description
Set a unique color on the selected entities.

Basic colors

L e
L b
]
e EEC]
BT
NN

[ Pick Screen Color

o = B =6
%S%%%%%S val: 255 2| Blue: 255 2]
[ Add to Custom Colors ] HTML:  #4395fF

(o ][ cance

Edit > Colors > Set unique dialog

Warnings:

1 previous color field (if any) will be overwritten
1 not all entities can be colored

Colors > Colorize

Menu
This tool is accessible via the 'Edit > Colors > Colorize' menu.

Description
Colorize the selected entities by multiplying their current color(s) by the specified one.

1 NewcColor.r = OldColor.r(SelectedColor.r / 255)
1 NewcColor.g = OldColor.g * (SelectedColor.g / 255)
1 NewcColor.b = OldColor.b * (SelectedColor.b / 255)

Note: if the entity has no color, this method is equivalent to Set unique.
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Colors > Levels

Menu
This tool is accessible via the {iEe Colors > Levels' menu.

Description
Edit the color histogram. Similar to Photosholpéyelanethod.

Change Color Levels

Channel(s)

Inputlevels 0 ¥1:1255

210000 -
175000
140000
105000
70000
35000

0 =

0

[T output levels

Edit > Colors > Levels dialog

You can edit either all channels at once (RGB) or one channel at a time (Red, Green or Blue).

By default, the main usagef this tool is to increase the color dynamics. To do this you'll hawmdmn inthe global
histogram. The color values falling inside the-safbge in which most of the information is will be extended so as to
use the full [6255] range.

In practical, ace you've identified the smallest interval where most of the information lies (e.e2400 here), set this
new interval as 'Input levels' then click on 'Apply'.

Advanced users can also change the 'Output levels'. In which case the 'Input’ interbal reithapped to the 'Output’
one.

Note: the dialog uses a standard histogram display, so you can click on it to get information on the histogram bin
hovered by the mouse
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Colors > Height Ramp

Menu
This tool is accessible via the 'Edit > Colors > HBightp' menu.

Description
To apply a color ramp (linear gradient or cycling) to the selected entities.

"Gradieni cql_o_r,;

Color ramp

@ Default

) Custom

First color - Second color ...

() Banding

Frequency

direction

Edit> Colors> Heightramp

This method let the user apply a linear gradient (either the default -osee below- or any gradient defined by two
colors)or a cycling HSV map ('‘Banding’, see below). For the latter, the user must specify the number of repetitions. And
in all cases, the user must choose the main direction for the height ramp (X, Y or Z).

Left: default height ramgNA IKGY O& GRAYWIAEI N YD

Warning: any previous color field (if any) will be overwritten.
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Colors > Convert to Scalar Field

Menu
This tool is accessible via the 'Edit > Colors > Convert to Scalar field' menu.

Description
Converts the current RGB color field to oneseveral scalar fields:

SkromRee T ]

[V R Channel
[V] G Channel
(V] B Channel

(V] Composite = R+G+B)/3

| ok || cancel |

Edit> Colors> Convertto SFdialog

The user can choose to export the Red, Green, Blue and Composite (R+G+B/3) color fields as scalar fields (one for each).

Colors > Interpolate from another entity

Menu

This tool is accessiblga the 'Edit > Colors > Interpolate from another entity' menu.
Description

Interpolates the color of another entity in order to color the points/vertices of the selected entity.

In the current implementation, for each point of the selected cloud (or thlected mesh vertices) this method will
simply look for the nearest point in the other entity and take its color.

Edit > Colors > Interpolate from another entity

Two entities must be selected (the color 'source' entity and the 'destination’ one). Iim &3d€C to differentiate both
entities, the 'destination’ entity must have no colors (use the Edit > Colors > Clear entry to remove any existing color
field if necessary). And of course the 'source' entity must have colors...
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Colors > Clear

Menu
Thistod Aa | O0SaaA0tS OAl

[autN
R
w»
€
[{e]
¢

AG B /2tf2NAR B /fSFEN YSyd

Description
Remove the color field of the selected entities.

Normals > Compute
Menu / Icon
b

This tool is accessible via the 'Edit > Normals > Com." “sehenu.

Description
Computes normals on the selected entities.

Computing normals on a cloud

Compute normal

local model [Height function

local radius 0,155500

[¥] Prefered orientation [ +Barycenter

[ OK ][ Cancel J

Edit > Normals > Compute dialognesh case

If the entity is a cloud, then the user must specify several parameters:

1 local model: whether to use a (best fit) plane, 2D triangulation or height function (qu[a}(].y'itn locally
estimate the normal
f t20Ft NI RAdzAY NI} RAdza 2F GKS dl @edofenoyigh pahts o 2axikupezhR 6 a LJ
local model) then the normal will be (0,0,1) by default. If it's too big, the process might be very long and the
result very smooth.
1 preferred orientation: optional. Let the user specify a simple heuristic tahseenhormal orientation (outside
of the surface ideally). These heuristics are:
0 to be as parallel as possible to an axis, in the positive or negative direetiX(-Y/+Y ;Z/+Z)
0 to be as parallel as possible to a vector coming from the cloud barycantepassing through the
point or the opposite (+Barycenter)
0 to be as parallel as possible to a vector coming from the origin (0,0,0) and passing through the point
or the opposite (+/(0,0,0))

Notes:
9 if no preferred orientation has been specified, orhiftresult is still not consistent, it might be necessary to
use a more advanced algorithm to orient the normals. Seelttgmals > Orient Normals > With Minimum

Spanning Tre@method
1 inany case, it might be necessary to globally invert the normals field with the Invert method
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Normals computed on a cloud (left) then properly oriented with a Minimum Spanning Tree (right)

Computing normals on a mesh

Edit > Normals Compute dialogmesh case

If the entity is a mesh, then CC will simply ask the user if the normals should be computed:

1 per-vertex (i.e. the mean normal of all the triangles connected to a vertex is assigned to this~sarternth
look, no preservatiomf sharp edges)

9 or per triangle (i.e. the triangle normal is assigned to the triandlard/tessellated look, but preserves the
sharp edges)

Pervertex (left) and petriangle (right) mesh normals
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Normals > Invert

Menu
This tool is accessible via thedit > Normals > Invert' menu.

Description
Inverts the normals of the selected entities.

The appearance of an entity with normals changes depending on the orientation of the light relatively to the normals:
1 for a cloud, backward lit points will appeaabk

1 for a mesh (with default material), backward lit triangles will appear in light blue (while forward lit triangles
will be green)

Normals > Orient Normals > With Minimum Spanning Tree

Menu
This tool is accessible via the 'Edit > Normals > Orient nermaith Minimum Spanning Tree' menu.

Description
This method attempts to rerient all the normals of a cloud in a consistent way. It starts from a random point then
propagates the normal orientation from one neighbor to the other.

The propagation is doneith the help of a Minimum Spanning Treéd Therefore the user must specify the maximum
number of neighbors conmted at each node (the more neighbors, the more accurate but also the more memory and
the more time will be necessary).

Normals computed on a cloud (left) then properly oriented with a Minimum Spanning Tree (right)

Normals > Orient Normals > With Faglarching

Menu
This tool is accessible via the 'Edit > Normals > Orient normals > with Fast Marching' menu..

Description
This method attempts to r@rient all the normals of a cloud in a consistent way. It starts from a random point then
propagates the norral orientation from one neighbor to the other.

The propagation is done with the Fast Marching algorithm applied to a grid. In practical this grid is the cloud octree

considered as a given level of subdivision. Therefore the user must specify this Isubtfision. The problem is to

find the right level: if the cells are too big (i.e. low level of subdivision), the propagation is not very accurate. However

if the cells are too small (i.e. high level of subdivision) empty cells might appear and the giopag one sweep

won't be possible.

2 NYyAy3aY G(KA&a YSGiK2R Aa @
aSt

S
Minimum Spanning Tr&@ YS(i K2R Ay a R

0]
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Normals > Convert to > HSV
Menu

This tool is accessible via the 'Edit > Normals > Convert to > HSV colors' menu.

Description
Converts the normals of a cloud to an B¥Rlor field.

H = dip directiof®, S dipand V=1

Edit > Normals > Convert to HSV colors (example)

Normals > Convert to > Dip and Dip direction SFs

Menu

This tool is accessible via the 'Edit > Normals > Convert to > Dip and dip direction SFs' menu.

Description
Converts the normals of a ald to two scalar fields:

1 one with the dip value
1 and the other with the dip direction value

Note: angles are in degrees.

Normals > Clear

Menu
¢CKA& (22t Aa F00SaaArotsS OAl
Description

Remove normals from the selectedtities.

22 hitp://en.wikipedia.org/wiki/HSL and HSV
2 hitp://en.wikipedia.org/wiki/Strike _and_dip

WORAGU B /2t2NA B /tSIN
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Octree > Compute
Menu
This tool is accessible via the 'Edit > Octree > Com@tmenu.

Description
Forces the computation of the octree on a given entity.

C Compute Octree

Max subdivision level: 10
Octree box

@ Default
() Cell size at max level

) Custom bounding box

Edit > Octree > Compute dialog (32 bits version)

The octree spatial extents can be #earious ways:

1 default: the smallest cube that totally includes the entity

1 boundingbox cell size at max level: the user can define the cell size at the smallest level of subdivision (the
octree box will then be "2larger, where N is the maximum octresvkl)

1 custom: the user can define a custom boundbuax with a dedicated sulialog

The maximum octree level (or number of subdivisions) is N=10 in the 32 bits version and N=21 in the 64 bits version.

Note: this operation is generally not necessary (igree computation is done automatically by CloudCompare when
necessary).

Octree > Resample
Menu

This tool is accessible via the 'Edit > Octree > Resample' menu.

Description
Resamples a cloud by replacing all the points inside each cell of the octregifenalevel of subdivision) by their
gravity center.

The level of subdivision at which the process is applied is chosen to (roughly) match the expected number of output
points specified by the user.

Edit > Octree > Resample (example)
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Warning: this methd creates a new cloud with points that are not necessarily at the same position in space as the
input cloud points. Therefore it is not possible to keep the various features attached to the input points (color,
normal, scalar values, etcl)you want tokeep those features (as well as the points original positions) you should
O2y aARSNISuWsahpEd VIKIK24R AyadaSI RO

Mesh > Delaunay 2.5D (XY plane)

Menu
This tod is accessible via the 'Edit > Mesh > Delaunay 2.5D (XY plane)' menu.

Description
Computes a Delaunay 2.5D triangulafibon a point cloud.

The point cloud is simply projected in 2D on the (XY) plane. Then the corresponding 2D points are triangulédted and
mesh structure is applied to the 3D points.

By default the 2D Delaunay triangulation is done on the cloud convex hull. Therefore CloudCompare will ask the user
to specify a maximum length for the triangle edges. This allows to remove the biggestasigggnerally on the
boundary) that are not necessarily meaningful. If this value is left to zero, then all the triangles output by the Delaunay
triangulation will be kept.

Edit > Mesh > Delaunay 2D

This works very well with rather flat clouds and pedly oriented (i.e. with the Z dimension as the vertical one). If the
point cloud is not properly oriented but is still rather flat in a direction, you should consider using the other version of
KA & Yveshk Pdhauridty 2.5D (best fit plafe)

Note: for 3D triangulation, refer to thgPoissonRecon (Poisson Surface Reconstrugtiogjn.

Mesh > Delaunay 2.5D (best fit plane)

Menu
This tool is accessible via the 'Edit > Mesh > Delaunay 2.5D (best fit plane)' menu.

Description
Computes a Delaunay 2.5D triangulation on a point cloud.

24 hitp://en.wikipedia.org/wiki/Delaunay triangulation
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{1 YS YS(vikshRDdlaanay2.5D (XY pldde) | 2 6 SOSNJ (KS 05 L2 hWdibesDfittiigdzR A &
plane (least squares). Then the corresponding 2D points are triangulated and the mesh structure is applied to the 3D
points.

By default the 2D Delaunay triangulation is done on the cloud convex hull. Therefore CloudCompare will ask the u
to specify a maximum length for the triangle edges. This allows to remove the biggest triangles (generally on the
boundary) that are not necessarily meaningful. If this value is left to zero, then all the triangles output by the Delaunay
triangulationwill be kept.

Note: for 3D triangulation, refer to thgPoissonRecon (Poisson Surface Reconstrugtiag)n.

Mesh > Convert texture/material to RGB

Menu
This toolis accessible via the 'Edit > Mesh > Convert texture/material to RGB' menu.

Description
Converts the mesh material and/or texture information of the selected mesh to «¥grex RGB field.

For each vertex of the mesh, this method will interpolate the esatexture color or take the triangle's associated
material color if no texture is available.

Warning: if the vertices are sparse, the visual rendering of the output RGB field might be quite different than the original
one.

Mesh > Sample points
Menu / lon

This tool is accessible via the 'Edit > Mesh > Sample points' menu 'L'-thmn in the upper main toolbar.

Description
Randomly samples points on a mesh.

' Points Sampling on mesh

@ Points Number
1000000
[¥] generate normals

get colors (V] fromRGE  [V] or from material/texture if available

[ OK ][ Cancel J

Edit > Mesh > Sample points dialog

The user can either specify the total (approximate) numbegyaifits to be sampled, or the surface density (humber of
points per square units). This method is able to export the normals and color information from the original mesh (by
interpolating those pieces of information inside each triangle). Therefore the cee choose whether to actually
export each feature (if available).
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Plain mesh (left), wireframe display (center) and corresponding sampled points (right)

Mesh > Smooth (Laplacian)

Menu
This tool is accessible via the 'Edit > Mesh > Smooth (Laplaoem).

Description
{y22iKa | YS&akK gAGR. a[LXIFOALY &aY220KAy3E¢

The user must specify the number of iterations (20 by default) and the smoothing force (‘Smoothing-faetareen
0 and 1- 0.2 by default) applied at each iteration.

Edit > Mesh > Smoothgplacian) example

Warning: the smoothing algorithm does not preserve the volume/surface. Therefore, the mesh might shrink a little if
the number of iterations and/or the smoothing force is too high.

Mesh > Subdivide

Menu
This tool is accessible via thedit > Mesh > Subdivide' menu.

Description
Subdivides a mesh.

The algorithm recursively subdivides the mesh triangles until their surface falls under a limit specified by the user.

25 http://en.wikipedia.org/wiki/Laplacian_smoothing
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Max area per triangle:

5,00000000]|

Edit > Mesh > Subdivide dialog

Edit > Mesh > Subdivide example

Mesh >Measure surface

Menu
This tool is accessible via the 'Edit > Mesh > Measure surface' menu.

Description
Measures the mesh total surface as well as the mean surface per triangle.

Output measurements are displayed in the Console.

Console

[17:15:29] [I/O] File 'teapot’ loaded successfully
[17:15:40] [Mesh Surface Measurer] Mesh teapot: 5=41655.5 (square units)
[17:15:40] [Mesh Surface Measurer] Mean triangle surface: 40.6792 (square units)

Edit > Mesh > Measure suciaoutput

Mesh > Measure volume

Menu
This tool is accessible via the 'Edit > Mesh > Measure volume' menu.

Description
Measures the volume of @dosedmesh.

Output measurements are displayed in the Console.

[09:58:17] [I/0] File ‘asteroid' loaded successfully
[09:58:27] [Mesh Volume Measurer] Mesh 'Asteroid’: V=160.494 (cube units)

Edit > Mesh > Measure volume output
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Mesh >Flag vertices

Menu
This tool is accessible via the 'Edit > Mesh > Flag vertices by type' menu.

Description
Basic mesh quality checking. Flags each mesh vertex by a (scalar value):

T O=normal
 1=border
1 2 = nonmanifold?®

A summary of the number of each typévertex &s well as a reminder of the meaning of each SF y#udisplayed in

the Console.

'Edit > Mesh > Flag vertices by type' output

Vertex type
2.000000

1.875000

1.750000

1.625000

1.500000

1.375000

1.250000

1.125000

1.000000

0.875000

0.750000

0.625000

0.500000

0.375000

0.250000

0.125000
0.000000

Mesh > Scalar field > Smooth

Menu

This tool is accessible via the 'Edit > Mesh > Scalar field > Smooth' menu.
Description

Smooths a scalar field associated to mesh vertices.

This method is particularly useful after applying the qPCV plugin.

/ 2y 0N NAE& (G2 (GKS WDlIdzaaAly CAf3GdSNDR YSGK2RZ

vertex. Thigs much faster and no parameter is required.

26 hitp://en.wikipedia.org/wiki/Manifold

(0p))
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Edit > Mesh > Scalar Field > Smooth or Enhance

Mesh > Scalar field > Enhance

Menu

This tool is accessible via the 'Edit > Mesh > Scalar field > Enhance' menu.
Description

Enhances a scalar field associatedn®sh vertices.

This method is particularly useful after applying the qPCV plugin.

Sensors > Edit

Menu
This tool is accessible via the 'Edit > Sensors > Edit' menu.

Description
This tool lets the user modify the intrinsic and extrinsic parameters ofélected sensor.

GBL/TLS sensor

rotation order [yaw then pitch (default)

| Position +Orientation | Angular steps | Other |

Yaw (degrees) 0.502614

Pitch (degrees) 0.067445

Edit > Sensor > Modify dialog (GBL sensor)
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Camera sensor

Paosition + Orientation Intrinsic params Distortion / uncertainty

focal 2.055573 =

vert. fo.v. 27.34

e -

array size 1200 5 ~

~

pixel size  1.000000 ¥| x 1.000000
zNear 0.001000
0.285785

0.00

Edit > Sensor > Modify dialog (Camera sensor)

Sensors > Ground Based Lidar > Create

Menu
This tool is accessible via the 'Edit > Sensors > Ground Based Casate>menu.

Description
Creates a 'Ground Based Lidar' (= TLS) sensor entity attached to the selected cloud.

rotation order [yaw then pitch (default)

Position + Orientation | Angular steps | Other |

Yaw (degrees) 0.502614

Pitch (degrees) 0.067445

Edit > Sensor > Create > GBL sensor dialog

The user must specify the main intrinsic and extrinsic parameters of the sensor (absolute pasdianientation,
angular steps, etc.).

Note: since version 2.5.6, angles are now expressed in degrees andZiderdminations (yaw/pitch) are used so as
to make things clearer.

Clcking on the 'OK' button will create a new sensor object. A depth map is automatically generated and displayed by
CloudCompare so as to let the user visually check the parameters.

27 hitp://en.wikipedia.org/wiki/Aircraft_principal axes
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GBL sensor depth map

By default the sensor object is added as a childhefselected cloud in the DB tree. It is also visible in the 3D view
(warning: you may have to change its 'drawing scatee the sensor object propertieso view it correctly).

[~ ] o N
&

i File Edit Tools Display Plugins 3D Views Help - [ & %
2 o =S & 27 > PE P, z é &
B GE X WS Wik d o~ dalp ) @ + ooM:: e~
Remove filter ~ Blur (shader) E ‘5 oy t S N:C SOR MLS
DB Tree
& —
: 4 [V] & jourl.bin (N:/8000 - CC/data/Users/EDF R...
L0} 7

4 [V] O jourl - Cloud #0
[V] @ Ground Based Laser Scanner

—
=

[] camera Link

Properties
Property State/Value =
Pitch step 0.2000
Drawing scale 2000.000 S
Apply Viewport Apply

‘ Métrix | Axis/Angle [VExport ‘
Axis 0.000000 ; 0.000000 ; 1.000000
Angle 0.000000 deg.

gqeuumEnlB o+ +

Center 0.000000 ; 0.000000 ; 0.000000 ‘

Associated positions
Count 0 [

Console

[10:13:34] [GL Filter] Filter initialized A
[10:17:32] [BIN] Opening file 'N:/8000 - CC/data/Users/EDF R&D/Chantier/jourl.bin'...

[10:17:32] [BIN] Version 1.0

[10:17:33] [I/O] File ‘jourl’ loaded successfully

10:17:331 IVRO1 VRO(<) (relinitialized for cloud 'inurl - Cloud #0' (2.56 Mhb = 100% of noints cauld be lnaded)

GBL sensor object (as visible in the DB tree and in a 3D view

Sensors Xsround Based Lidar > Show Depth Buffer

Menu
This tool is accessible via the 'Edit > Sensors > Ground Based Laser > Show Depth Buffer' menu.

Description
Displays the depth ma&pof the selected Ground Based Lidar (GBL) sensor.

GBL sensor depth map

28 hitp://en.wikipedia.org/wiki/Depth _map
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Sensos > Ground Based Lidar > Export Depth Buffer

Menu
This tool is accessible via the 'Edit > Sensors > Ground Based Laser > Export Depth Buffer' menu.

Description
Exports the depth maB] of the selected Ground Based Lidar (GBL) sensor as an ASCII file.

CloudCompare will simply ask for a destination filename.

Output file format
The output file is organized as the following:

comment line: titte (CLOUDCOMPARE DEPTH MAP)

comment line: cloud name (Assiated cloud: XXX)

comment line: first angular step (min and max between brackets)
comment line: second angular step (min and max between brackets)
comment line: max depth (pMax: XXX)

comment line: depth map length (L: XXX)

comment line: depth map heighiH: XXX)

comment line (T

then on each line: 3 values per pixel of the depth map (column, row, depth)

=

= =4 -4 -4 —a 8 _—a -2

Example

// CLOUDCOMPARE DEPTH MAP

/I Associated cloud: cloud_name

// dPhi = 0.005000 {0.383040 : 0.007195 ]
// dTheta = 0.005000-1.586361 : 0.137948 ]
/I pMax = 58841.890625

/I L =345

IIH=79

T

0 012.000000000000

1 0 15.000000000000

2 016.000000000000...
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Sensors > Camera Sensor > Create
Menu

This tool is accessible via the 'Edit > Sensors > Camera Sebssate’ menu.

Description

Since version 2.5.6, camera sensors can be created with this funbtareyer it's easier to load them from Bundter
files for instancg

focal 2.055573
vert. fo.v. 27.34

array size 1200 5 -
pixel size 1.000000 S x 1.000000
zNear 0.001000

0.285785

0.00

For now only the extrinsic and intrinsic parameters can be created / modified (thartilist / uncertainty model can't
be setup this way).

Note: theoretically a camera sensor can be associated to any number of 4x4 transformation matrices (association of a
3D rotation and a translation) stored infaans. bufferentity. They would typicallsepresent the camera displacement.
However no file format allows for loading this kind of data yet...

|© CloudCompare v2.5.6.beta [64 bits] - 3D View 1]
© File Edit Tools Display Plugins 3D Views Help

PEBGEVEX SO##B.IANEd 4=
Remove fiter B shacer) [N HA < 1S g £5 It JS NiC SOR MLS
_ D8Tee &
2 Camera #7
[ () Camera 28
7] (31 Camera 29
7] (51 Camera #10
V) Camera #11 =
V! (& Camera #12
V] O Keypoints 5
| Camera Link
Properties &
| Property State/Value

Show side planes

Drawing scale 0.043)

Apply Viewport ‘ Apply

Matrix | Axis/Angle | Export

Ads  0.328608 ; 0.515019 ; 0.791689

GAULEDERLFM+ £ B S

Angle 122363426 deg. -
Center 0249929 ;0135801 ; -1185993

a4

Console

109:58:12] Application path: E:/These/C++/CloudCompare/bin_64_msvc_2012/CloudCompare

109:58:12] Plugins lookup dir: E:/These/C++/CloudCompare/bin_x54_msve_2012/CloudCompare/plugins

109:58:12] Found new plugin! (‘QBLUR_PLUGIN.dil")

109:58:12] Plugin name: [Blur (shader)] |
109:58:121 Found new nluain! 'OCANUPO PILUGIN DILdIIN il ‘

Camera sensor object (as visible in the DB tree and in a 3D view

29 hitp://www.cs.cornell.edu/~snavely/bundler/
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Sensors > Camera Sensor > Project uncertainty

Menu
This tool is accessible via th&iE> Sensors > Camera Sensor > Project uncertainty' menu.

Description
Projects the camera model uncertainty a point cloud. Output consists in several scalar fields:

1 uncertainty along the X axis
1 uncertainty along the Y axis
1 uncertainty along the Z axis
1 3Duncertainty orm of the (uX,uY,uZz) vector

Sensors > Camera Sensor > Compute points visibility (with octree)

Menu
This tool is accessible via the 'Edit > Sensors > Camera Sensor > Compute points visibility (with octree)' menu.

Description
Flags thepoints of a cloud depending on whether they are viewed by the selected (camera) sensor or not.

The visibility check is done for the 'active’ camera position-géent visibility information is stored in a scalar field:

1 0=NOT VISIBLE
1 1=VISIBLE

Frustrum visibility
1.000000

0.875000
0.750000
0.625000
0.500000

0.375000

0.250000

0.125000

0.000000

Resui of a ‘visibility' computation

CloudCompare Version 2.6;lser manual



73

Sensors > View from sensor

Menu / Icon

This tool is accessible via the 'Edit > Sensors > View from s®;ménu.

Descripion

Changes the current 3D view camera settings to match the selected sensor sditingte(viewmode).

Notes:

1 the camera display mode will automatically be changed to 'viehased perspective'
{1 for GBL sensors, it may be necessary to manually inciedé& o 5
readisticiSplay. |

settingQuv a2z |

i @© CloudCompare v2.5.6.beta [64 bits] - [3D View 1]

(@© File Edit Tools Display Plugins 3D Views Help

PBGEGEHX S

Remove filter ~ Blur (shader) 5

DB Tree

a

S

<t Js Nic

B

pu
[¥] & pump_scan2 - Cloud
]

—
=

7] mp_scan2.ptx (E:/These/Donnees/Laser...
4

@ Ground Based Laser Scanner

Properties

[ camera Link

-

l Property State/Value

Name pump_scan2 - Cloud
Visible ¥

Show name (in 3D) El

CC Object E

Colors [Scalar field

&)

X:4.71941

Y: 4.38308
Z:3.69611

X: -0.629746
Y: -3.62998

Z: -0.00495309

Box dimensions

Box center

g€fuuEnBO o+ +

Info Object ID: 4 - Children: 1

3D View 1

Current Display
Transformation his...

Console

Y 2 NB

SOR ﬁﬁ Kd FM e 4 ‘%’

OrS o

Ol YSNEamér&2 dJ o

(3 4@ 70l +E 99N

[18:28:33] [PTX] Detected yaw step: 0.500803 degrees (span [142.617 - 259.724])
[18:28:34] [I/O] File ‘pump_scan2' loaded successfully
[18:28:34] [VBO] VBO(s) (re)initialized for cloud ‘pump_scan2 - Cloud' (2.31 Mb = 100% of points could be loaded)

[18:28:43] [ApplySensorViewport] Viewport applied

Edit > Sensor > View from sensor example (Ground Based Lidaj sens
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Sensors > Compute ranges

Menu

This tool is accessible via the 'Edit > Sensors > Compute ranges' menu.
Description

Computes the range of all points (of any cloud) relatively to the selected sensor.

The user can specify whether CloudCompare shoulguwiuhe squared ranges or the nesguared ones.

Ranges

58841.89

52748.83

46655.77

40562.71

34469.64

28376.58

22283.52

16190.46
10097.40

L —————————
20000

Edit > Sensor > Compute ranges output example

Sensors > Compute scattering angles

Menu
This tool is accessible via the 'Edit > Senors > Compute scattering angles' menu.

Description
Computes the scatteringngle of all points (of any cloudith normals) relatively to the selected sensor.

The user can specify whether CloudCompare should output the anglagiamsor degrees

Scattering angles (deg)
90.00

78.76
67.52
56.29
45.05
33.81
22.57

11.33

0.10

—_—
15000

Edit > Sensor > Scattering angles output example
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Scalar fields > Show histogram
Menu /Icon

This tool is accessible via the 'Edit > Scalar fields > Show histogram' menllgrimm in the upper main toolbar.

Description
Shows the histogram of the active scalar field of the currently selected entity:

i L Histogram [chant

Scattering angles

bin 181
< 79.872 %
val = 63.66

Scattering angles (deg)

Edit > Scalar Fields > Showidgsam dialog

Interactions
1 the number of classes (bins) of the histogram can be changed with the mouse wheel
1 the user can click anywhere on the histogram to make a vertical red line appear. Next to this line will be
indicated the corresponding class (bithje percentage of points below this class and the corresponding scalar
value.

Colors
The histogram bin colors are the same as the color scale currently associated to the scalar field.

Scalar fields > Compute statistical parameters
Menu / Icon

This tool $ accessible via the 'Edit > Scalar fields > Compute stat. params' menut& flken in the upper main
toolbar.

Description

Fits a statistical distribution on the active scalar field values.

CloudCompare will first ask for the type of distributiorfito

1 Gauss (Norm&) distribution
1 WeibulPf distribution

CloudCompare will then fit the chosen distribution and display the result as a curve overlaid on the SF histogram.

30 hitp://en.wikipedia.org/wiki/Normal _distribution
31 hitp://en.wikipedia.org/wiki/Weibull distribution
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Gauss: mean = -24.72 / std.dev. = 7.69 [260 classes]

900 +
750 A
600

450

e e
-40 -30
C2M signed distances

Edit > Scalar Fields > Compute stat. params output

The numerical parameters of thlistribution are also displayed in the Console. Thesgbared?distance is also output
SO as to give an evaluation of the fitting process quality.

Folded Normal Distribution
Beware that the Folded Normal distribution is not the same as the Normal disbib
For instance, the output of the clouo-cloud distance computation tool is unsigned (i.e. no negative values are output,

only their absolute values). In such a case there's absolutely no chance that the resulting distance values follow a
Normal Digribution.

Even if the deformations you are measuring do follow a Normal distribution (in real life), then the absolute values will
follow aFolded Normal DistributiorCurrently CloudCompare can't fit such a distribution on a scalar field.

Scalar fieldss Gradient
Menu / Icon

This tool is accessible via the 'Edit > Scalar fields > Gradiemenu.

Description
Computes the gradient of a scalar field.

CloudCompare will first ask a tricky questitmthe scalar field composed of (Euclidean) distances?"

'O' Is the scalar field composed of (euclidian) distances?

[ JL N ]

Edit > Scalar Fields > Gradient dialog

You'll generally have to answer 'No' to this question, apart if the active scalar field values are distances or altitudes for
instance. In this case, some basic considerations will allow CC to cap the resultingtg@dies below one. This limits
the effect of noise (which tend to be much more visible on the gradient than on the original SF).

32 hitp://en.wikipedia.org/wiki/Chisquared test
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Gradient

361425824.000000

299695982.000000
268831061.000000
237966140.000000
207101219.000000
176236298.000000
145371377.000000
114506456.000000

57273488.205078

40520.410156

Edit > Scalar Fields > Gradient output example

The gradient is a good way to identify rapid changes in the source BiSteimce and other interesting structures.

Note: a new scalar field is generated (i.e. the original scalar field is not overwritten).

Scalar fields > Gaussian filter

Menu / Icon

This tool is accessible via the 'Edit > Scalar fields > Gaussiarglme-nu.
Description

Smooths a scalar field by applying a spatial Gaussiartdilter

The user must choose a 'kernel’ size (in fact the radius of the sphere innda@obst neighbors will be extracted around
each point to compute the mean value). The bigger the stronger the filter will be (and the slower the computation...).

Bilateral filter FSS

Edit > Scalar Fields > Gaussian and Bilateral filters

Note: a new scalar field is generatécb. the original scalar field is not overwritten).

33 hitp://en.wikipedia.org/wiki/Gaussian_filter
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Scalar fields > Bilateral filter

Menu / Icon

This tool is accessible via the 'Edit > Scalar fields > BiIateraIQteﬂenu.
Description

Smooths a scalar field by applying a bilateral fifter

CloudCompare will first ask for the two parameters of the filter:

1 spatial sigma: the Normal distribution variance for the spatial part of the filter
9 scalar sigmathe Normal distribution variance for the scalar part of the filter

SetTwo velves |
[

Spatial sigma 0,00250246 Scalar sigma 0,11914062

[ o

Edit > Scalar Fields > Bilateral filter dialog

The bilateral filter tends to preserve the strong edges better.

Note: a new scalar field is generated (i.e. the original scalar fielokisverwritten).

Scalar fields > Filter by Value

Menu / Icon

This tool is accessible via the 'Edit > Scalar fields > Filter by value' menu-ét it in the upper main toolbar.
Description

Filters the points of the selected cloud based on their asdediscalar value.

A new cloud (or mesh) is created with the points falling inside the specified range.

‘V_Filte( by scalar value

Min 0,30000000 : Max 0,40000000 =
‘ [ OK ][ Cancel ] I

Edit > Scalar Fields > Filter by value dialog

Scalar fields > Convert to RGB

Menu / Icon
This tool is accessible via the 'Edit > Scalar fields >eﬁcto\RGB‘§" menu.

Description
Simply converts the active scalar field to a RGB color field.

The colors assigned to the points are exactly the ones visiblleeoscreen at the time the method is called. Therefore
the rendering won't change. However, CloudCompare will automatically hide the scalar field and activate the RGB field
instead.

Note: the original scalar field is not modified nor deleted.

34 http://en.wikipedia.org/wiki/Bilateral filter
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Scalar field > Convert to random RGB

Menu / Icon
This tool is accessible via the 'Edit > Scalar fields > Convert to random RGB' menu.

Description
Converts the active scalar field of the selected entity by applying a random color scale.

The user must first define a mber of colors that will be randomly generated. CloudCompare will then apply the
corresponding (random) color scale (as a linear scale, regularly sampled over the scalar field range).

Edit > Scalar Fields > Convert to random RGB colors

Note: this is veryseful to randomly color a set of points with a classification index as scalar field for instance (just set
the same number of random colors as the number of classes).

Scalar fields > Rename

Menu / Icon
This tool is accessible via the 'Edit > ScalaidielRename' menu.

Description
Renames the active scalar field of the selected entity.

o J[ concel ]

Edit > Scalar Fields > Rename dialog
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Scalar fields > Add constant SF
Menu / Icon

This tool is accessible via tf'l? icon in the upper main toolbar or the 'Edit > $edields > Add constant SF' menu.

Description
Adds a new scalar field with a constant value (i.e. same value for all points) to the selected cloud.

CloudCompare will first ask for the SF name (must be unique, otherwise if a SF with the same nantengkibts i
overwritten). Then CloudCompare will ask for the (constant) SF value.

i[@: Add constant valug_&'

value

42,00000000

[ OK ][ Cancel ] E OK ;[ Cancel ]

Edit > Scalar Fields > Add constant SF dialogs (left: Skmayie SF value)

Note: useful in conjunction with the

Scalar fields > Arithmettool.

Scalar fields > Add point indexes as SF

Menu / Icon
This tool is accessible via the 'Edit > Scalar fields > Add point indexes as SF' menu.

Description
Creates a new scalar field on teelected cloud(s) with the point indexes (i.e. their order of creation, or the order in
which they have been read from the originating file) as scalar values.

832688

728602
624516
520430

416344

312258

208172

104086

0

Edit> ScalarFields> Add point indexesas SF example
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Scalar fields > Export coordinate(s) 8F(s)

Menu

This tool is accessible via the 'Edit > Scalar fields > Export coordinate(s) to SF(s)' menu or the 'Tools > Projection > Expo
coordinate(s) to SF(s)' menu.

Description
This tool lets the user export the points coordinates to one or severdhsfields.

CloudCompare will ask the user to select the source dimension(s):

Export coordinates to SF @

Export [ x By vz

Warning, already existing SF(5) with same name wil be overwritten

[ ok ][ canca |

Edit > Scalar Fields > Export coordinate(s) as SF(s) dialog

Each dimension will be exported to a scalar field with a predefined naoeid. X 'Coord. Yand Coord. Z.

640.419983
639.139984

637.859985
636.579987

635.299988

634.019989

632.739990

631.459991
630.179993

Z coordinatesexportedto a new scalarfield

Warning: if a scalar field with the same name exists, it will be overwritten.

Scalar fields > Set SF as coordinate(s)

Menu
This tool is accessible via the 'Edit > Scalar fields > Set SF as coordmata(s)’'

Description
Sets the active scalar field of the selected cloud as one (or several) of its coordinates.

CloudCompare will ask the user to select the destination dimension(s):

Export [ x Ay &z

[ OK ] [ Cancel

1=
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Edit > Scalar Fields > Set SF as coordinate(s) dialog

For instance one careplace the Z coordinates by any scalar value so as to have a kind of '3D representation' of the
scalar field. More commonly, this method is useful to convert a 2D raster with the altitude coming as scalar field into a
proper 3D cloud/raster.

Left: orignal raster- right: Z coordinate 'exported' the from associated SF

Note: it is sometimes necessary to rescale the Z coordinate afterwards (withiditeply / Scalemethod) as raster
fields are not always in the same units as the XY coordinates (e.g. the altitude is coded as a gray intensity, between 0
and 255).

Scalar fields > Arithmetic

Menu / Icon

This tool is accessible via the 'Edit > Scalar fields > Arithmetini or thelZl icon in the upper main toolbar.
Description

This tool allows to:

1 perform standard arithmetic operations between two scalar fields of the samaldley*,/)
1 or apply mathematical functions to a single scalar field

SF 1

operation

Edit> ScalarFields> Arithmeticdialog

Supported mathematical functions are:

SQRT (square root)
POW?2 (power of 2)
POWS3 (power of 3)
EXP (exponential)
LOG (natural log)
LOG10 (base 16q)
COS (radians)

SIN (radians)
TAN(radians)
ACOS

ASIN

=

=4 =4 -8 —a a8 8 _a _a 9 9
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1 ATAN
1 Integer part
1 Inverse (1/x)

Note: this method will create a new scalar field (the source scalar fields are not modified nor deleted).

Scalar fields > Color Scales Manager
Menu / Icon

. . . . . ) SF
This tool isaccessible via the 'Edit > Scalar fields > Color Scales Manager' ment=== iben next to the color scales
list in the cloud/mesh properties.

Description
The Color &les Manager allows the user to manage and create new color scales.

@ Color Scale Editor - - . l Pal :
Current [Custnm ramp 'J

Mode [Rename] Save] Delete} [Copy New

| Selected slider

B Color Value | 20/000000 =] (40 %)
) [

Close

Edit > Scalar Fields > Color Scales Manager

All color scales defined by the user (or imported from a BIN file) are saved in the persistent memory of the operating
system (e.g. the Regig on Windows). They can be created, edited and deleted via the Color Scales Manager.

Note: if an entity is saved with a custom color scale into a BIN file and this file is loaded on another computer, the color
scale will automatically be imported in tlether computer registry (and thus will be available in the other instance(s)
of CloudCompare on this computer).

Default color scales
CloudCompare comes with various default color scales:

Blue > Green > Yellow > Red
Grey

Blue > White > Red

Red > Yellow

Red> White

Intensity [01]

1 HSV angle [360]

=a =4 —a —a —a -8

Those color scales can't be edit or deleted.

Custom color scales

The user can create a color scale from scratch ('New' button) or start from an existing one (‘Copy" button).
Two modes are available (see the 'Modembobox):

1 relative a relative color scale will automatically span over the whole scalar field range (therefore the color
position are expressed agparcentage.
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I absolute an absolute color scale will have color steps defined at particular (absolutegsva@his is the
standard way to get a consistent look with multiple clouds having equivalent scalar fields but with different
ranges

Naming
Color scales can be renamed with the 'Rename’ button. The name is not necessarily unique.

Save / delete
1 each tme a color scale is modified, the user must click on the 'Save' button to actually make CC remember the
modifications (CC will automatically ask the user if he wants to save the modifications if the user forgot it).

1 the 'Delete’ button let the user deletéhe current color scale (if it is not a default one). CC will ask for a
confirmation.

Edition
Existing color 'sliders' can be modified interactively:

1 by pressing the corresponding 'pencil' symbol and moving it on the left or the right
1 by double clickingn it to change its color

Equivalently, if the user simply clicks once on the 'pencil’ symbol, the 'Selected slider' frame will be updated with the
current slider information:

9 the 'Color' box can be clicked to change the slider color

1 the 'Value' spirbox @n be edited to change the slider position

1 the small 'garbage’ button is used to deleted the current slider Warnings:

1 each time a slider value is edited through the 'Value' 4qmR, the color scale representation is automatically
updated. This can lead twnfusing situations where the sliders are (temporarily) inverted

9 if two sliders have the same 'Value', the active one (i.e. the one currently edited in the 'Selected slider' frame)
will be randomly picked. Once again this can lead to confusing situations

Export / Import

Since version 2.6.1 color scales can be exported as XML files.

Use thei” icon to import such a file and tHs icon to export the current color scale.
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Scalar fields > Delete
Menu / Icon

==
This tool is accessible via the 'Edit > Scalar fields > Delete' menu ¥ theon in the upper main toolbar.

Description
Deletes the active scalar field of the selected entities.

Warning: action is immediate (no confirmation).

Scalar fields > Deletall (1)

Menu / Icon

This tool is accessible via the 'Edit > Scalar fields > Delete all (!)' menu.
Description

Deletes all the scalar fields of the selected entities.

Warning: action is immediate (no confirmation).
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Tools menu

Level
Menu / Icon

This tool is accessible via the 'Tools > Level' menu cd-heon in the left toolbar.

Description
This tool lets the user pick three points on a (horizontafjace so as to rotate the cloud and make the corresponding
plane parallel to the (XY) plane:

\. 3rd click

Pick three points on l*he floor plane (click on icon/menu.-

[ S F( Y>Luvel'h actioa ¢ right: result

Procedure
Select one or several entities (clouds or meshes) or a group of such entities then start the tool.

A message will appear at the bottom left of the 3D viewi€k three points on the floor plane (etg.)Simply click on
the (floor) plane in three different places. Once the third point is picked, CloudCompare will automatically transform
the selected clod(s) so as to make the plane defined by the 3 pditszontal

Notes:

1 try to pick the points as far as possible from each other to optimize the plane orientation 'accuracy’

1 you can cancel the process any time by clicking on the tool icon again

1 the firstclicked point will be used as origin for the new coordinate system. The vector between the first and
second clicked points will be the new X' dimension.

9 this tool modifies the selected entities directly. You may want to clone or save them prior toisatidh

1 Point picking
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Point picking

Menu / Icon

This tool is accessible via t‘le:iv'? icon in the main upper toolbar or the 'Tools > Point picking' menu.
Description

The main purpose of this tool is to let the user pick one, two or three points so as$ w@ageus pieces of information
(most notably the distance between two points).

Different kind of labels can be created this way.

EMNKOBEE ®

Tlluminance (PCV) = 0.847458 (Point #596)
bl -4242.541992
A8 18552.710938

p4 -13398.113281

Distance: 2128.458536

dx 12.303223
/8 2128.393555 16.631804
dz

11.191406 [ral 2128.422852

Area: 2107973.500000

index.A 3475 [LI:M 4898447.953907
index.B 133333 J:le8 7202750.731628
index.C 197251 ey 3732664.579328

£ N 80.385376 [ -0.184999
£l CR:H 45.216079 (1 -0.217080
ELoHel 54.398546 M4 -0.958463

_—
6500

Procedure
The tool can be launched directly. No selection needs to be made (any kind of point can be picked).

A toolbar wil appear in the togright corner of the 3D view. One of the following actions can be chosen:
1 spawn a specific Iabe.,—::,.“a- , < or D)
1 save the last spawned Iabt)
9 cancel the current picking proces@()
1 leave this tool (l' )

1 the last picked label stayactive as long as it is not saveo. If the user picks a new point then the process
starts over and the active label will disappear.
1 see the equivalenPDF documentatiofor this tool

Labels
1 point label
With the first iconE, the user can pick any point and make a standard label appear.

Tlluminance (PCV) = 0.847458 (Point #596)
b8l -4242.541992
A8l 18552.710938

P4l -13398.113281

This label will contain all the information available about the point:

associated scalar value (if a scalar field is active)
point indexin the cloud

local coordinates

global coordinates (if any)

= =4 —a A
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 normals
1 RGB colors

Notes: an alternative way to create a single point label (outside of this tool) is to pick a point while presshtgjFfie
key.

2 points label
With the second icol ™, the usercan pick two points and make a ‘distance’ label appear.

Distance: 2128,458536

dX 12.303223 Feb8ll 2128.429199
V8 2128.393555 Jihvd 16.631804
dz

11191406 EeFAl 2128.422852

This label will mainly display the distance between the two picked points (as title).
Additionally, the following values are displayed:

1 dX: algebraic distance along the X dimension
dY: algebraic diance along the Y dimension
dZ: algebraic distance along the Z dimension
dXY: distance in the XY plane

dXZ: distance in the XZ plane

dzY: distance in the ZY plane

= =4 -4 —a -

3 points label
With the third icon "i, the user can pick three points and make an 'alalaél appear.

Area: 2107973.500000

index.A 3475 N 4898447.953907
index.B 133333 [:le8 7202750.731628
index.C 197251 et 3732664.579328

Ele ISl 80.385376 -0.184999
LRl 45.216079 RiY -0.217080
angle.C EENCERLRCN Nz -0.958463

This label will display the area of the triangle formed by the three picked points.

Additionally, the following values are displayed:
1 the indexes of the 3 points
the length of the 3 edges

1
1 the 3 angles
1 the vector normal to this triangle/plam

2D area label
With the fourth iconD, the user can draw a rectangle anywhere on the screen so as to create a '2D area' label.

Distance: 2128.458536

dX 12.303223 Eo el 2128.429199
L@l 2128.393555 v 16.631804
dz

11,191406 |erAl 2128.422852
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Simply click and hold the mouse button to define the first corner, then move the mouse cursor and release the button
to define the opposite corner. Once the button is released, CloudCompare will prompt for a title.

Eventually the 2D area' label will appear.
Note: this kind of label is useful to define zones of interest in a 3D s&®m in a particular point of viewTherefore
they are only visible in this point of view.

Similarly to a‘ﬂf} Viewportentity, the associated viewport can be restored anytime by clicking on the 'Apply’ button in

the label properties:

Properties &
Property State/Value }
Name invalid ball ‘
Apply Viewport

pply Viewp A I
|

Point list picking

Menu / Icon
This tool is accessible via tiE:icon in the main upper toolbar or the 'Tools > Pointpisking' menu.

Description
This tool lets the user pick several points on a cloud so as to create a 'list' of points.

® EH ¥ (¥ count 11
Index X Y z 2

1 19488 -2628.215332 18327.646484 -12148.592773  |=

2 18045 -1815.734741 18359.519531 -12109.695312

3 42655 -1783.860596 17194.330078 -12014.100586

4 41089 734388733 16869.197266 -11577.443359

‘ 5 34644 817.969971 17397.923828 -11800.773438  ~

< m »

marker size 5 % startindex 1

—_—mnmm
6500

'Point list picking' tool in action

This list can then be exported as:

1 afile
1 anewcloud
1 a polyline (picked points are simply connedted

It is very useful to create a '‘Ground Control Points' (GCP) list for instance.
Procedure

One and only one point cloud should be selected in order to launch this tool.
A dedicated dialog will then appear in the taght corner.

At any time the user canigk points on the selected cloud in the 3D view. These points will be automatically added to
the list.
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Here are the actions that can be undertaken while the dialog is visible:

1 cancel the last picking actic(r@

export the list (see below)

change the marker size in the 3D view (with tharker sizespinbox)

change the starting index (with thetart indexspinbox- default value: 0)

validate the list (in which case all picked points will be 'saved' as a lasbels ad the list will be restored
when calling this tool again)

1 cancel the piking process (the current list won't be saveskee abovie

9 if the cloud has been shifted, the global coordinates can be displayed/exported instead of the local ones

=a —a —a A

Note: see the equivalerDFdocumenttion for this tool.

Export options

@ D '] ‘ZJ EJ count 11

[ XY,z l X Y z - |
1 1 local indexxy,z 1215332 18327.646484 12148592773 |2
2 1 TR 1734741 18359.519531 -12109.695312

3 4 DEW palyine 1860596 17194.330078 -12014.100586

4 41089 734.388733 16869.197266 -11577.443359

5 34644 817.969971 17397.923828 -11800.773438 |
£ " 13
marker size 5 % startindex 1 =

The list can be exported as:

1 an ASCII file witkx,y,2 per line

an ASCII file withindex,x,y,zper line the 'index start' parameter is taken into accolunt
a new cloud

a polyline (notclosed

= —a —a

Clean > Noise filter

Menu
¢tKAAa G22t Aa | O0SaarotsS @Al (KS wez22fa B /tSFHY B b2iAas

Description

The 'Noise filter' tool resembles a lot the S.C(fiRer of the gPCL plugin but with more options. Notably the user can
define a constant radius for the nearest neighbors search (instead of a constant number of neighbors). And the user
also has the choice between a relative error (as S.0.R.) and duntebswoor. Eventually isolated points can be removed

in the same run.

This algorithm locally fits a plane (around each point of the cloud) then removes the point if it's too far away from the
fitted plane. This filter can be basically considered bsepass filter

Input

One or several clouds (selected in the DB tree).

Parameters
The user has to:

1 choose either to extract a given number of neighbors around each point (good for clouds with a constant
density) or to specify a ball radius (the ball shouldblieenough to capture at least 6 points typically)

9 input a max error (distance of the point to the fitted plane) so as to decide if a point is rejected or not. The
error can be relative (as a factor of the neighborgprejection error on the fitted plangor absolute

1 eventually, isolated points (i.e. with less than 3 neighbors in the sphere) can be removed during the process
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| Neighbars

) Points (kNN) @ Radius (Sphere)

6 | 0,072446

Max error

@ Relative () Absolute

Noise filter parameters

Output
A new cloud, hopefully cleaner ;)

© 30 View 2 = e =) = )[R

@ 3D View 1 =

Typical result of the 'Noise filter'

Note
Due to the way thalgorithm works it is very powerful on flat surfaces (walls, etc.). However, especially if you use a too
high kernel radius (or too low error threshold) it will ‘eat’ the corners. To save the corners or sharp edges one can try

to run the algorithm repeately with a small radius and relatively high error threshold.

CloudCompare Version 2.6;lser manual



92

Projection > Unroll

Menu
This tool is accessible via the "Tools > Projection > Unroll' menu.

Description
This method 'unrolls' a point cloud from a cylindrical (or conical) shape onto a plane:

,"""'\\?'ig.@"‘tﬁ!(” W A

Top: cylindrical shape to unralbottom: cylindrical shape unrolled

Procedure
Select a cloud then start this tool.
Cylinder
Type
Axis Radius | 465 z
Axis position
X |0.000000 Y |0.000000 Z |0.000000

‘Unroll cylinder' dialog

To unroll a cylindrical shape, the parameters are:

9 axis of revolution (X, Y or Z)
1 radius
1 andoptionally a point on the axigtherwise CloudCompare will use the cloud gravity cgnter

Cone

=

Axis [z | Half angle (degrees) 15.00 %] Projection radius 100.000000 :

Cone apex

X 0.000000 v Y 0.000000 v Z 0.000000 v

OK ] [ Cancel

‘Unroll cone' dialog
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To unroll a conical shape, the parameters are:

1 axis of revolution (X, Y or Z)
1 half angle (this is thapertureangle at the cone apexin degrees)
1 the cone apex position

Projection > Rasterize

Menu / Icon

This tool is accessible via the 'Tools > Projection > Rasterize' menulitiom in the yoper main toolbar.
(Prior to version 2.6.1, this tool was named 'Height grid generation’)

Description

The main purpose of this tool is to 'rasterize' a point cloud (i.e. convert it to a 2.5D grid) and then export it as a new
cloud or a raster image (gediffor instance.

Another application since version 2.6.1 is ‘Contour plot' generation.

Procedure
Select one cloud then start this tool.

Input cloud

A dedicated dialog with an embedded 3D view will appear. Some pieces of information about the seleatedre
displayed in the uppeleft corner. The most important is the height range and the minimum and maximum height
values of the cloudtie height being considered along the projection dimerjsion
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Generating a raster grid
The first and mandatorgtep is to generate the raster grid.

Rasterize =l

Cloud

Name 5054800_c - Cloud
Points 3886421
height range 222.84 (38.73 - 261.57)

Update grid

Grid

step E
size 500 x 500

Projection

cell height average height =

interpolate SF(s) average value Y
[7] resample input loud

Empty cells

Fill with [leave empty 0

0.000000

[ o )
Export per-cell statistics as SF(s):

[ population [=] min height

[7] average height  [] max height

[] height std. dev. [7] height range

[ Rester (geotif) | | FEam

o) o)

The user must define the main (raster) grid generation parameters:

1 the grid step size (CloudCompare will update the resulting grid size below so that the user can check that the
grid is neither too big nor too smalkbre actually generating the grid)
the projection direction (X, Y or-default: Z)
1 how the 'height' of each cell grid will be computed:
o minimum height of all points falling in this cell
0 average height of all points falling in this cell
o maximum height o#ll points falling in this cell

=

Once the base parameters are properly set, the user must click on the 'Update grid' button to make CloudCompare
actually computed the grid and display it.

Each time a parameter is modified, the 'Update grid' button will aggr in red. The user has to click on it to actually
apply the changes.

Advanced parameters
Empty cells
If no points fall inside a given cell, this cell will be considered as 'empty'. Empty cells are not visible when displayed by

CloudCompare in the 3D wvie They generally have a dedicated 'NaN' or ‘empty' value when exported to a raster file
(depending on the format).

It is possible to tell CloudCompare to fill those cells in various ways:

9 use the minimum height of the whole grid

1 use the average height tfie whole grid

I use the maximum height of the whole grid

1 use a user specified value (should be input in the field below the 'Fill with-dioam list)
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1 interpolate (see below)

Interpolating empty cells

The 'interpolate’ option consists in a lineaterpolation with the nearest noempty neighboring cells. This can give

very good results in the presence of small holes. However it can be less accurate on big holes. And above all it doesn't
work outside the convex hull of the neampty cells:

Empty cells (no interpolation) Interpolation + empty cells height =0 Interpolation + empty cells height = 160
(blue points = outside the convex hull)

Interpolation principle

This is why a custom value must be specified (in the field below the 'Fill with'dinep list) to fill these areas (if any).

Grid position
The grid position (in the projection plane) can be finely defined by clicking on the 'Edhgtt:
Bounding Box Editor gy
[Cenber '] [Width ﬁ
X 500.00500488 3 999.98999023
Y 0.00999451 S| 999.97998047
[7] keep square Default ] [ oK ] [ Cancel ]

Grid extents setup dialog

Interpolate scalar fields
If the input cloud has one or several scalar fields, it is possible to ‘interpolate’ the scalar field values in each grid cel

To do this the user has to check the ‘interpolate SF(s)' checkid define how this interpolation should be conducted:

1 by keeping the minimum SF value of all the points falling in this cell
1 by keeping the average SF value of all the points falling in this cell
1 by keeping the maximum SF value of all the points failfirtgis cell

Note: interpolated scalar fields can only be used when exporting the raster grid as a new cloud or as a raster file in a
formats that supports reabvalued layers.

Resample input cloud
This option tells CloudCompare to keep in each grid cell the point which is the closest to the cell center (in 2D) instead
of generating of using the cell center itself. This way it is possible to subsample the cloud ingridded pattern. If
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the gridis to be exported as a cloud, all the input cloud features (colors, normals, etc.) can be properly exported as
well.

Export

The (raster) grid can be exported to several destinations.

Cloud
The grid can be exported as a new cloud (see the "Cloud" butttheilExport' tab in the bottordeft corner).

The grid is always exported as a 3D cloud (with the chosen 'height' as the 'Z' dimension). A 'height' scalar field is also
generated by default.

Several additional scalar fields can be generated:

1 ‘'population’:number of input points falling in each cell
1 'min height": minimum height of the points falling in each cell
1 ‘average height': average height of the points falling in each el (be redundant with the default 'height'

scalar field

1 'max height: maximunheight of the points falling in each cefthéy be redundant with the default 'height'
scalar field

1 ‘average height': average height of the points falling in each el (be redundant with the default 'height'
scalar field

1 ‘height std. dev.": standardaViation of the height values of the points falling in each cell
1 ‘height range': range of the height values of the points falling in each cell

Raster
The grid can be exported as a geotiff raster file (see the "Raster (geotiff)" button in the 'Expantthebbottomtleft
corner).

Note: CloudCompare relies on GB¥br this operation.

Image
The grid can be exported as a simple image file. Use the 'Image' bsgertt{e "Image" button in the 'Export' tab in
the bottomtleft corne).

ASCII matrix
The gridcan be exported as an array/matrix of height values saved as an ASGHditbd "Matrix (text file)" button in
the 'Export' tab in the bottorheft corne).

This file should be easily imported in Excel for Matlab for instance. There's no file heaglauriiber of rows is simply
the number of lines in the file, and the number of columns corresponds to the number of values found on each line
(should always be the same).

Mesh
The grid can be exported as a 2.5D mesh (see the "Mesh" button in the 'Bghart'the bottomleft corner).

Contour plot generation
Since version 2.6.1, the Rasterize tool can now be used to generate contour plots.

The parameters for this sutwol are all regrouped in the 'Contour plot' tab in the bottdeft part:

35 http://en.wikipedia.org/wiki/GDAL
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Contour plot

Start height 38.730000

[l [

Step 10.000000

Min. vertex 10

ol

ignore borders
Clear H Export H Generate |

Contour plolgeneration parameters

The user must specify:

9 Start height: height of the first contour line
1 Step: step between each contour line

1 Min. vertex: minimum number of vertices per lines (used to remove the very small contours around trees, etc.)
1 ignore bordersto remove the contour lines created on the grid (square) edges

The first time, and each time the parameters are changed or the grid is updated, the user must click on the 'Generate'

button to generate the contour plot. Then a preview of the generated contmes will be displayed over the raster
grid:

interactors appear when the mouse hovers the {eft part of the 3D view).

The resultng contour lines can be removed (with the 'Clear' button) or exported as real polylines in the DB tree (with

the 'Generate' button). All contour lines are exported in a single group (automatically named after the input cloud name
and the 'Step' value).
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Notes:

1 the (group of) contour lines can be exported as a Shape file (to be imported in a GIS software for instance).
9 if the user has forgotten to export the contour lines when closing the tool, CloudCompare will issue a warning
message and will ask fopnfirmation.

Projection > Contour plot to mesh

Menu
This tool is accessible via the "Tools > Projection > Contour plot (polylines) to mesh' menu.

Description

This tool can convert a set of polylines (ideally a sebotour lineyto a mesh. Contrarilip a standard 2.5D Delaunay
triangulation, this method will force the contour lines as edges for the output triangles.

Procedure
Select several polylines or a group of polylines then call this method.

CloudCompare will ask the user the 'projection dimens{oe. the dimension orthogonal to the contour lines):
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