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(C: Outline

o About the project
o Quick overview of the software capabilities

o Point cloud processing with CloudCompare



The project



(C 2003: PhD for EDF R&D

¢

& D o EDF
N Main French power utility
eDF More than 150 000 employees worldwide
ROD 2 000 @ R&D (< 2%)
200 know about CloudCompare (< 0.2%)
Sales >75 B€

> 200 dams + 58 nuclear reactors (19 plants)




@ EDF and Laser Scanning

o EDF = former owner of Mensi (now Trimble Laser
Scanning)

o Main scanning activity: as-built documentation

Scanning a single nuclear reactor building
2002: 3 days, 50 M. points
2014: 1.5 days, 50 Bn points (+ high res. photos)



(C: EDF and Laser Scanning

o Other scanning activities:
Building monitoring (dams, cooling towers, etc.)
Landslide monitoring
Hydrology
Historical preservation (EDF Foundation)

Radial distance

1 0.420
] 0.018

-0.183
-0.384
-0.585
-0.786

J -1.189
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(C PrD

b‘-\ o Change detection on 3D geometric data

e Application to Emergency Mapping

€DF

R©D

o Inspired by 9/11 post-attacks recovery efforts
(see “Mapping Ground Zero” by J. Kern, Optech, Nov. 20017)

= B i G .

TLS was used for: visualization, optimal crane placement, measurements,
monitoring the subsidence of the wreckage pile, slurry wall monitoring, etc.



@ CloudCompare V1

o 2004-2006

€DF o Aim: quickly detecting changes by comparing TLS point
R@D clouds...

with a CAD mesh

or with another (high density) cloud




@ CloudCompare V2

o 2007: “Industrialization” of CloudCompare
... for internal use only!

o Rationale:
idle reactor = 6 M€/ day

acquired data can be checked on-site - less missing or
erroneous data > no need to come back later

checking the work of sub-contractors in charge of modeling
became fast and accurate

the algorithms are also used for clash detection during
virtual simulation of tricky maintenance operations - highly
reduces the risk of issues or bad surprises during the actual
maintenance operation

+ EDF is not a software company



@ The open-source path

o 2009/2010: CloudCompare V2.1

Already a multi-purpose point cloud editing and processing software

o 2017: CloudCompare V2.8

o 2019: CloudCompare V2.11

CloudCompare" RuUNS on-

Windows (XP /7 /8/10)
Mac OS (Andy Maloney)
Linux (Romain Janvier)

Support for 3D mouse & stereo displays




@ Open Source!

o Evolves quickly...

o ...in the direction users want (faster if users actively
participate to the developments ©)

o Remains under close supervision of its administrator
o Manufacturer independent

o Supported by various companies and public institutions
(EDF, BRGM, CNRS, etc.)



FROM MNOWJ ON, T WANT
YOU TO USE OPEN SOURCE
SOFTWARE FOR EVERY—
THING WE DO. ITS

FREE.

T'LL BE

|
/1' RIGHT
BACK. .7

o ...however, someone still needs to pay ;)
either by developping new functionnalities
or by paying someone else to do it

o Plugins are not necessarily open source or free



(c: Users Developers

o Too many @) o Barely enough &

Academics: a few PhD students
remote sensing and research
geology engineers
archeology
etc.

Surveyors none

Forensic experts 1

Architects none

MDs, dentists none

3D designers none

Artist?! none



CloudCompare Event 2020

CloudCompare"? Want to support/help us?
“* @@ | cloudCompare [] ponate
‘-r‘\:j' eor

RSN, 3D point cloud and mesh processing software
PN ,_“ *..7., Open Source Project
SSAWN

Home - Presentation - Download - Github - Tutorials - Documentation - Forum - Declare a bug

CloudCompare Event 2020

¢
(C & sepF

Event Timing: March 11-13, 2020

: z | FULL!
Users workshop: March 13 (100 ¥#¥)

Event information and registration

REGISTERNOW >



Sessions
(November)

»
~
1 I 2 740
Dimension principale: Pays Vi tinent  Sous-<ontines
o o~ a HE?
Acquisition Comportement Comversions
Pays
Unilisateurs 4 Nouveaux wilisateurs Sessions “Taux de rebond Pages/session Durée moyenne des sessions Taux de conversion par objectif Objectifs réalisés Valeur de lobjectit
19873 18057 25668 41,39 % 1,87 00:02:01 0,00 % 0 0,00 SUS
1. ®8 United Si 2740 131 2526 3327 4707 % 179 00:01:38 000 % 0 0,00 5US
2 @ China 1985 (99 1740 2671 40,96 % 181 00:02:20 0,00 % 0 0,00 5US
3 e Japar 1714 1524 2202 3847 % 208 00.02:19 0,00% 1 0,00 SUS
4. E1 naly 1450 1338 1840 3408 % 192 00:0217 0,00% 0 0,00 sUS
5 1388 1269 1854 44,01 % 1,90 00:02.00 0,00 % 0 000 $US
6. 965 872 1179 41,56 % 185 00:02:05 0,00% o 0,00 $US
7 908 (4 841 1099 4095 % 185 00:01:52 000 % 0 0,00 5US
8 714 3 656 914 36,76 % 199 00:02:14 0,00% 0 0,00 SUS
9 €48 (32 563 B14 40,66 % 00.01:37 0,00 % o 0,00 SUS
10. @@ Australia 562 500 688 39,68 % 180 00:01:47 0,00% 0 0,00 sUS

> 3300 users registered to the newsletter



@ Citations In scientific articles

0
2012 2013 2014 2015 2016 2017 2018 2019

source: Google scholar



Quick overview



Interface

@ CloudCompare v2.9.alpha [64-bit] - [3D View 1]

@ File Edit Tools Display Plugins 3D Views Help -| &) x

FomX It oM ~ ¢4« LIS E+
,_\i 9 m . % Remove filter  Blur (shader) m .g.‘; é:—"'; N:E » 5 ¥ Kd) @ | o= ¥

DB Tree & [GL filter] Echoms Lighting (disable normals and increa = point:
. v (] Polytech_Tour_exterieur - Cloud.remaining A
LO ] O (ij‘ Octree
11 " 2D label: Vector 406822 - #426786
@ Polytech_Tour_exterieur - Cloud.segmented
+ ) & & Dip: 000 deg. - Dip direction: 025 deg.
[0 @ vertices
4) I8 Compressed normals
O @ Octree
& " 2D Iabel: Point 250853
+ 2D label: Point #1736 Distance: 22.20
Q’ 11 2D area label: arcade v
Properties g
Property State/Value e
0 [count 2
— Active Distances (m.) b
(0 |current Blue>Green>Yellow>Red v
i Steps ’_@ =
=" |Visible
“ Display ranges  Parameters
-0.10656691 3] displayed [0.10399435 S
en
)2 v
0.00000000 %] abs. sat. [0.05000000 ]
v
Console g X
[18:33:14] [Picked] - P#1736: (8572.85;8473.87:77.46) ~
[18:33:14] [Picked] - Color: (170:158:123)
[18:33:14] [Picked] - C2M signed distances = 0.03
[18:34:29] [I/0] File 'E:/These/Donnees/3DArch2017/chambord.bin’ saved successfully
v




Inputs / outputs

o point clouds o
ASCII, PLY, LAS, E57, PTX, PCD... + Faro, Riegl, DotProduct

o triangular meshes &
OBJ, PLY, STL, OFF, FBX

o polylines #
SHP, DXF, etc.

o rasters &
geotiff, etc. (thanks to GDAL)

o calibrated pictures «
Bundler OUT, Photoscan PSZ

O Sensors
TLS & or projective cameras ma

+ dedicated format: BIN (for projects)



(C: Display capabilities

100M-500M
20M-100M e
NVIDIA.
@2 high-range
NVIDIA.
0-20M pOintS mid-range

Intel’

GRAPHICS
(intel) <

> 500 M. points?
for now, use the command line mode
later: out-of-core support?



Scalar fields

o One value per point

o The value can be anything (distance, intensity, density,
roughness, confidence, curvature, temperature, time,

etc.)

o Values can be (dynamically) color-coded

(@ Color Sccale Editor @
Current [D - 50 cm b ]

Mode |absolute + | [Rename | |Save | [Delete | [Copy |

] ! g

Selected slider

Color |'u‘a|ue 0,100000 = (20 %)

Close




@ Scalar fields

o Values can be
mixed (+,-,/,X)
transformed (cos, log, etc.)
filtered (spatial smoothing, spatial gradient, etc.)
imported or exported as a coordinate dimension
merged with colors
transferred to another entity (+ interpolated)

o Statistics can be computed

o Clouds can be processed based on those values
Segmentation (“Filter by value”)
Subsampling



Main features

o Interactive tools
transformation, segmentation, cross section

o Colors
create, convert, level, etc.

o Normals
create, convert, orient

" Segmentation [ON] (polygonal selection) n|BHoM el v iE[*

Left click: add contour points / Right click: close




(C: Main features

o Mesh operations

create (2.5D Delaunay), sample points, smooth, etc.

- see Meshlab for more

o Scalar fields operations

filter points by value, convert, smooth, gradient, etc.

o Point picking,
Distance / angle measurements

o Others
Subsample, merge, scale, etc.

@ [Distribution fitting]

Gauss: mean =-0.00/ std.dev. = 0.02 [235 classes]

1050 —:
900 —:
750 —:
600 —:
450 —:
300 —:

150 +

o<
-0.105 -0.07

A B B
-0.035 1] 0.035 0.07
Distances {m.)

2] [ *




@ Malin tools

o Registration

point-pair-based alignment, ICP

o Distances

Cloud-to-cloud (C2C), Cloud-to-mesh (C2M), Cloud-to-
primitive (C2P), Robust cloud-to-cloud (M3C2

ews  Help

gguuehma o,

«

I

g = f1 X | o3t a2 & 3 & - ' » D » » @ e D
DB Tree &
& show aiigned doud NENIG|
P
(O] > Rem _Koolhaas_house 1 | X W z &
i > Rem_Koolhaas_house 2 | A0 83889 447,239 41,5564 E
AL 699153 -518,193 34,4604
+ A2 657,825 -1101,83 179,838 -
« i
9] show reference doud (&) /]
X v Z
RO 102574 -564,348 59,1903
Properties 8 Rl 848835 -561,234 64,0873
R2 655,064 114079 34,5801 o

"] auto update zoom [¥] fixed scale

le  Edit

<

Tools

Display Plugins 3D Views

| & B X &3

Help

Remove fiter

o

& pat_gubin (C/dev/CloudCompa..
© pad_gv- Cloud #0

pod_gv1.obj (C:/dev/CloudComp..
% Mesh Group

7] camera ink.

roperties 8

State/Value -

SF display params

Display ronges

-2488,3471€ ¢ displayed 192637158

]

-1000,0000( | saturation 1000,00000(%

L

ansole.

[20:13:18] [ObjFilter::Load] Sorne normals in file were invalid, You should re-compute them (select entity, then "Edit > Normals » Compute’)

[20:14:15
[20:15:28
[

[ComputeApproxDistances] Time: 1.21 5.
[ComputeDistances] Time: 3735,

1
1
1
] [ComputeDistances] Mean distance = -6.544396 / std deviation = 113.947289




@ Malin tools

o Cleaning
SOR, etc.

o Rasterize
+ contour plot

o 2.5D volume estimation

Rasterize
Cloud
Name. 5054800 _c - Cloud
Points 3886421

| | Export per-cel statistics as SF(s):

] population [ mn height
7] average height [ max height
[ height std. dev. [ height range

=

| Raster (geotff) | Image.

| | [ matix(extfie) | Mesh
250

o J( oot ]

Empty cells (interpolate -
Ceil / After
Source  [Mallage Q1275.ply.sampled -
Empty cells [interpolate. v
0.000000
Grid
step 5.000000 ¢
size. 356 x 369
pojectonse 2 =]
clheoht  [averogeheht <]
Update
Results

| Volume: -45,142,781.35
| Surface: 1,752,875.00

cel =0.7%
Average neighbors per cell: 8.0 /8.0

( ‘Copy 1o doboard. J
Num. precision 2 3

I

Height above ground
8848
7143

54.38

3733

20,28

323

-13.82

-167.27
-184.32




(c: Malin tools

o Segmentation
connected components, profile extraction, etc.

o Fitting
plane, sphere, quadric, etc.

@ CloudCompare v2.9.alpha [64-bit] - [3D View 1] - o X

- & x

@ Eile Edit Tools Display Plugins 3D ¥iews Help
Z) a
A= X

Remave filter | Blur (shader) SERDY

DB Tres
v [ & river_hedayz (C:/Users/DanielDow... ~
D river_bed - Cloud
m || &9 Extracted profiles
» [ % Section contour #1
+ > % Section contour #4ipart 1/2)
> #« Section contour #4(part 2/2)
4 » [ % Section contour #5
i > < Section contour #6
~ 4 % Section contour #7
+ » % Section contour #8
M » [l 4 Section contour #9 h
Q
@ Properties
Property State/Value ~
Name Section contour #1
Visible
Show name (i.. []
Colors ©Rrae -
X 750773 b




@ Malin tools

o Roughness, curvature, density and other geometric
features computation

Geometric features = Sphericity (10)
0.67
Local neighborhood radius 0.63
= 0.60
0.56
Roughness Feature 0.53
D sum of eigenvalues 0.49
invari 0.46
Curvature g Ominvariance i
Eigenentro :
D Mean g by
D Anisotropy 0.39
D Gaussian 035
D Planarity .
D Normal change rate 032
D Linearity '
Density |:| PCA1 0.28
] Number of neighbors [] pca2 0.25
[ ] surface density [ ] Surface variation -
. 0.18
[ ] volume density [ ] Sphericity
[] Verticali 0.14
Moment Sl 0.11
D 1st order moment 0.08
0.05

0.00

Reset Cancel

600

Features: "Contour detection in unstructured 3D point clouds”, Hackel et al, 2016



Advanced point cloud
processing



Built-in support

Sensors (TLS or Camera)

O O O O

Full waveform

o Plugins
o Command line mode

Scan grids (structured point clouds)

Octree structure (fast construction, fast kNN)

@ Waveform

Point index (1113 / 2534 |+ [T log scale fixed amplitude |5

240 -
200 -
160 -
120 4

807

401

O

Peak

X

0 8000 16000 24000 32000 40000 48000 56000




M3C2

o Robust + signed C2C distances
Search correspondances along surface normal
Multi-scale approach
Uncertainty estimation based on local surface roughness

Step 1 : Calculation of normal N Step 2 : Average distance between the two
at a scale D around the core point i. clouds measured at a scale d along N

Vertical component
of the normal

Average positions
of the point clouds
Step 3 : Local normal for each point in the cloud

" Normal at scale D, affected by roughness D,
\ Normal at scale D, not affected by roughness D,

Missing data =
no distance calculation

. [y

=~ p 4} 9600 ©

gz(d) Overestimation of distance due to
normal misorientation at scale D1




M3C?2

o ‘Precision maps’ (M3C2-PM) variant

SfM DEMs 3D precision map: Measured change

— O
precision (mm)

"3D uncertainty-based topographic change detection with SfM photogrammetry: precision maps for
ground control and directly georeferenced surveys" by M. James et al.



@ Canupo

o Point cloud classification
Multi-scale local dimensionality feature
SVM based training

[’& CANUPO training (res (S

Fig. 7 Multiscale, multi-class scenario

3D

*fou can manually edit the boundary ( left dick: select or add vertex [ long press: move [ right dick: remove vertex)

Vegetation

Bedrock

Gravels

Legend

- vegetation

-
5 B
<
3 : Scales
ERCRRER L Cleria
5 Z ¥ . : R p i 0.50.40.30.20.10.05 6 |*
Left : excerpt from the point cloud of fig. 1. Right: dimensionality diagrams for the four main classes of a mountain river

environment at scales ranging from 5 to 50 cm. Colers from blue to red correspond to the density of points from the training A =
. reset boundary pointssize 1 [T

dataset and characterize the degree of clustering around a given dimensionality.

"3D Terrestrial lidar data classification of complex natural scenes using a multi-scale dimensionality
criterion: applications in geomorphology”, N. Brodu, D. Lague, 2012



Cloth Simulation Filter (CSF)

o Ground points extraction from LIDAR point clouds

== == Simulatsd Cloth

Inverted surface measurement
________________*hlﬁ’__-

Actual surface measurement

"An Easy-to-Use Airborne LIDAR Data Filtering Method Based on Cloth Simulation”, W. Zhang et al.,
2016



(C: Compass

a. input cloud

Point Cloud

Op ©

o Structural geology toolbox for the interpretation and

analysis of virtual outcrop models
Delineation of geological units
Measurement of orientations and thicknesses

Compass Plane Lineation Accept
maode tool tool  Settings EXEOF‘ tF'c'lce
Mode: [l | Toal: B N e 0| B Id v [x
Map Pick Trace Extra Undo Help Close

mode tool tool tools

Tracing and automated path ‘following’

- Structure b. assign edges and costs c. solve least-cost path
o ' trace

Assign cost:
High-cost X User-defined
edge \ .“ start and end

Low-cost

east-cost path

"Rapid, semi-automatic fracture and contact mapping for point clouds, images and geophysical
data", S. Thiele et al., 2017
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-
Q
-
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Automatic shape detection (Ransac Shape Detection)
Geological facet extraction (Facets)

Global illumination of clouds and meshes (PCV)

3D surface reconstruction (PoissonRecon)

Animation rendering (Animation)

Surface of Revolution Analysis (SRA)

Planar surfaces cleaning (Virtual Broom)

Hidden Points Removal (HPR)

etc.

O O 0O 0O 0O O 0O O O



@ Creating your own plugin...

o ...Iseasy:
copy the ‘dummy’ plugin folder

replace the word ‘dummy’ in all files by your plugin name

and add the code for your plugin ‘action’ at the right place

o Plenty of examples
simply mimic another plugin that has the same workflow

o Ask questions on the forum (or send me an email)

o Development in C++ with Qt



@ Thanks for your attention!

CloudCompare"?

= T B
o dor
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[] ponate

3D point cloud and mesh processing software
Open Source Project

Home - Presentation - Download - Github - Tutorials - Documentation - Forum - Declare a bug

Welcome to the official website of the CloudCompare project. . :
Want to know when a new release comes out? Subscribe to the newsletter your email address | JOIN ‘
You can now follow us on twitter

Want to support/help us?
.. CloudCompare

Vlsit the évent}sage

& ocvewer VLT3

Opticms  Shadens  Help

CloudCompare (view, edit and process)

ccViewer (light viewer only)
CloudCompare home - cloudcompare.org - EDF R&D - contact

www.cloudcompare.org



http://www.cloudcompare.org/

