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In Digital Cultural Heritage (DCH) one of the most challenging issues for
end-users is to understand:

— Which software(s) to use?
— Which algorithm(s)/processing chain(s) to use?
— Which parameter(s) to set and why?
— What are the limitations and sources of error?
— How to adapt a processing chain depending of:
- the object studied,;
- the digitization system used,
- the application targeted?

— How to evaluate the quality of results obtained?
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In this presentation we will provide some recommendations and guidelines
to end-users to use efficiency commercial software and ad-hoc frameworks
proposed in the state of the art.

The main objective of this presentation is to increase end-users awareness of
the effects of:

- Input data;
- precondition and prerequisite;
- parametric factors, etc.
and to help them to be able to do the best trade-off between:
- the accuracy of results;
- the completeness of results;
- the processing time;

- the level of supervision requested; etc.
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We will also discuss why it is very important to apply processing tasks in a
logical order .

Another objective is to increase software developers awareness of the gap
that still exists between the standard procedures proposed in the state of the
art and the needs of end-users (e.g. in terms of levels of detalls).
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There is no universal automatic technique  that can be applied to each and
every application scenario. Each processing chain has its own set of
advantages and disadvantages .

When selecting a processing chain for a specific application, careful
tradeoffs have to be made among the specific application requirements and
to consider key performance indexes such as:

- Accuracy;

- Resolution;

- Speed,

- Cost;

- Reliability.

Sometimes, multiple-modality methods need to be used to address
demands that cannot be met by a single modality.
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Recommendation 1. Don’t use an inappropriate processing ch ain if

data or object’s properties are not compatible with such pro Cess. coLor & seace v
As example, if you want to 3D reconstruct an object first anal yze its
Intrinsic properties, next try to enhance the most useful fe atures.

This stone has some specific properties that should be taken
Into account:

- A curve surface (the human face) with specular reflectance;
- Some surface areas with strong variations of topography;
- Some unique patterns;

- Some featureless/textureless areas;

© Pierre Arnaud
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This stone has some specific properties that should be
taken into account:

COLOR & SPACE IN
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- A curve surface (the human face) with specular
reflectance;

-Some surface areas with strong variations of
topography ;

-Some unique patterns;

-Some ;
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This stone has some specific properties that can be
enhanced by different techniques, such as RTI:

COLOR & SPACE IN
CULTURAL HERITAGE

See surface areas with strong variations of topography
and also *“ " areas.

Remark: The more we improve the quality of the digitized data
the less we have to pre-process these data.
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This stone has some specific properties that cannot be perceived using
photogrammetry (such a the Agisoft software).

COLOR & SPACE IN
CULTURAL HERITAGE

Remark: In some case 3D reconstruction can contribute to document some
objects as it can help perceive details than experts cannot see directly.

n stone drk.psx — Agisoft PhotoScan (16 days left)
File Edit View Workflow Tools Photo Help
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For Reflectance Transformation Imaging  (RTI) we used this RTI Software :
http://culturalheritageimaqging.org/Technologies/RTIl/index.html

COLOR & SPACE IN

& RTIViewer 1.1.0 -
Lig

Rendering mode

Default

Navigator Bookmarks
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This stone has some specific properties that cannot be enhanced by any technique.

COSCH
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Recommendation 2: when we cannot exploit some features,
such as texture, rather than processing inaccurate data it’ S
more efficient to use another digitization process, for
example to use external markers.

Remark: when there is not enough common features between
overlapping views it’s very challenging to align views.
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Example of 3D reconstruction using the Agisoft Photoscan software (based on
photogrammetry) CoLoR & SPACE IN

CULTURAL HERITAGE

H stone drk.psx — Agisoft PhotoScan (16 days left) = a X
File Edit View Workflow Tools Phote Help

e 92¢ B0 BRS XU 2HEEe I BFE &

Reference

BEE T/ 0 ES

X (m)

<

-~
Scale Bars Distance (m)
Total Error

Console

B o

2016-07-21 11:16:16 Saving project... #
2016-07-21 11:16:17 saved project in 0.219 sec
2016-07-21 11:16:17 Finished processing in 0.219 sec (exit code 1)

>>>
DPP_0001.TIF DPP_0001.TIF DPP_0002.TIF DPP_0002.TIF DPP_0003.TIF DPP_0003.TIF DPP_0004.TIF DPP_0004.TIF DPP_0005.TIF DPP_0005.TIF DPP_0006.TIF DPP_0006.TIF DPP_0007.TIF
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Example of 3D reconstruction using the Agisoft Photoscan software (based on
photogrammetry) CoLoR & SPACE IN

CULTURAL HERITAGE

Remark: the quality of the result depends of the number of 2D images captured
and also of the intrinsic quality of these pictures.

- stone drk.psx — Agisoft PhotaScan (16 days left) - =] x
File Edit View Workflow Tools Photo Help
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Example of 3D reconstruction using the Agisoft Photoscan software (based on
photogrammetry) CoLoR & SPACE IN

CULTURAL HERITAGE

Remark: the quality of the result
depends of the number of 2D
Images captured and also of the
Intrinsic quality of these pictures.

Remark: It is recommended to use
RAW format to encode metadata
in image (exif header).

Date taken B A8 2016 1719 AM
ENrrensans 2392 x 3838 e tiker B/Z02016 244 PM
Sise 9.96 MB 2397 ¥ 3588
CAfETh make L Andn 400 448
Camera moded Canon BOS N0 2T FTadreT Lanan
Camera serial memk 1430306133 £ FTROCE Carsan BOS 10300
50 spead SO0 e Camesa serial rirdt . 1430306133
F-stap 16 { £ S0 speed 1500 1080
Exposare time 2 sac. r i3
Exprasire hias 0 step PO Y g
0 s1=p

ExposiEe prosgram Apertune Prionty

TSN DG raem Fsloraial
Melenng mode Fathern ot ot Atrara
Flash morle MO flash, compuliony N ote Mo fagh compuiion
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Example of 3D reconstruction using the Agisoft Photoscan software (based on

photogrammetry)

CULTURAL HERITAGE

Remark: the quality of the result depends of color calibration process used to
compensate color errors induced by lighting and viewing conditions.

Recommendation 3: the quality of features based techniques depends of
the photometric/colorimetric invariance of feature descript ors computed,
thus color errors due to lighting and viewing conditions mus t be
compensated (using a geometry-independent color calibrat lon process).
cosE
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Example of 3D reconstruction using the Artec Studio software (based on
Structure from Motion)

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

Remark: the quality of the result depends of the number of 2D images captured

and also of the intrinsic quality of these pictures.

.__B ChUsers\Invited\Documentsh\Artec Studio Projects\stone spi new4\stone spi new4.spraj - Artec Studio 10 Professional
File Edit View Window Help
o BEEEETDD e
Scan
4
Editor
]
Tools
i"@
Align
o
Edges
L]
Repair
&
Measures
s
Multi
a
Texture

\'4
Publish

v} Title
1 Scan7
2 Scan3

* Scan9
4

'Loa window
al

14:26:43 PM: Project loaded from C:\Users\Invited\Documents\Artec Studio Projects\stone\stone.sproj

}4.29:43 PM: Command [Remove 1 scans] undone

14:33:26 PM: System hasn't enough memory to load scan [Scan2 copy], it will remain unloaded

‘4:33:29 PM: Project loaded from C:\Users\Invited\Documents\Artec Studio Projects\stone spi newd4\stone spi new4.sproj

Free RAM: 844 MB | Total memory in use: 12977 MB | Ready

B

/arkspace - stone sol newsd
v > O > @ow O

Total Quality
744 /1377Mb 01
1182 / 1762Mb 0.1
841/1512Mb 0.2

= & Sean2 cop 4175 / 2164Mb Warning
&£ 5 Sharp Fusion1 1 1/147Mb
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Remark: It's fundamental to get the best image quality before performing any
computation, but how to evaluate the quality of images captured and how to improve it ?

COLOR & SPACE IN

Many metrics exist (see for instance Meshlab software) but there are not obvious to uUse.  cutrurat neriTace

@ MeshLab_64bit v1.34BETA - [Project_1]

File Edit Filters Render View Windows Tools Help

Apply filter

Show current filter script
Selection

Cleaning and Repairing

Create New Mesh Layer

Remeshing, Simplification and Reconstruction

Polygonal and Quad Mesh

Color Creation and Processing
Smoothing, Fairing and Deformation
Quality Measure and Computations
Normals, Curvatures and Orientation
Mesh Layer

Raster Layer

Range Map

Point Set

Sampling

Texture

Camera

> EES ¢ < B

Clamp Vertex Quality

Colorize by border distance

Colorize by geodesic distance from a given point
Compute Planar Section

Per Face Quality Function

Per Face Quality according to Triangle shape and aspect ratio
Per Vertex Quality Function

Quality Mapper applier

Quality from raster coverage (Face)

Quality from raster coverage (Vertex)

Saturate Vertex Quality

Select by Face Quality

Select by Vertex Quality

Compute Geometric Measures

Compute Topological Measures

Compute Topological Measures for Quad Meshes
Per Face Quality Histogram

Per Face Quality Stat

Per Vertex Quality Histogram

Per Vertex Quality Stat
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Fa
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Remark: accurate analyze/comparison of 3D processed data (at large scale and
at small scale ) is fundamental to perform accurate 3D documentation . COLOR & SPACE IN

CULTURAL HERITAGE

CLE L e
CA R e
IR TRy I Y
H e,

{%%*_flaﬁ%a.:;& x . gR : '-'": f " J Scan comparison - Possible approaches:
33 » Euclidean metrics

e Quadratic/nonlinear methods

« Octree comparison

e Cross-section

Detecting changes related to the structure of the Bremen Cog
© Levente Tamas, German Maritime Museum/ i3Mainz

Likewise, accurate analyze/comparison of results obtained by 3D documentation

methods versus 3D processing methods may contribute to improve the relevance of
data analysis done..
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Example of 3D reconstruction using both Structure from Motion (3D scans) and
Photogrammetry (2D photos). COLOR & SPACE IN

CULTURAL HERITAGE

Remark: It is sometimes recommended to use various technologies to highlight
different material properties (e.g. surface appearance and color appearance), in
this case accurate geometrical calibration is requested.

As example

QR0 cOES -f cBRER L IRED XXX

3D shape (image © Yona Waksman) 3D reconstruction after fusion of 2D pictures with 3D shape
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Remark: It is sometimes recommended to use various technologies to

highlight different material properties, in this case accurate geometrical CoLoR & SPACE In

CULTURAL HERITAGE

calibration is requested.

As example: GERMOLLES case study.

Can we detect this symbol on IR,
UV, VIS and XRF images?

Otherwise what are the spatial ' . &3 XRF(OMOF;):

Sn, Au

T T e

features common to all image T SR

Sn,Au—

1t :
e
)l XRF (on top):
i

systems ?

R

‘(on top) : Sn, Au
Sn

XRF (on
top): Sn, Au

Recommendation 4: geometrical
alignment (image registration) is
possible only when common

ER e i:s«"-*x", RIS A, - i 8 ST oPlqué
Dressing Room of Cotyntess of Nevers — South wall —dn_s

features can be detected among IR, UV, VIS, VIS raking light + micro, XRF (white): Pb (original),

Images. Zn, Ti (restoration) , reflectance, LIBS, IR thermography.

_ COST is supported by the EU Framework . " sy C DEt
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Remark: It is sometimes recommended to use various feature detectors (such
as SIFT, SURF, FAST, ...) and optimization methods (IPC, RANSAC, ...) to o e
obtain an accurate matching of images from images geometry. CULTURAL HERITAGE

IMAGES & CALIBRAT!GN PARAMETERS

[ el IR0V GBS Example of flowchart for automated
ered sequence — creation of r-2 iriplets . . .

Smmm“"m*mwffﬂ 2 redn image orientation and  surface
[ FEATURE DETECTION - SIFT or SURF /]) measurement pI’OCGdUI'eS.

W
[ e Foersnn ) Example at right shows details from
[ UUTLIERRFWWE Pompeii Forum, Campania, Italy.

RANSAC - MAPSA

o

[ T T T J Luigi Barazzetti, Marco Scaioni, Fabio
[ Preuivinary sUNDLE ADJUSTMENT | Remondino, Orientation and 3D

v modelling from markerless terrestrial
[ ool sl et J images: combining accuracy with
| MULTIIMAGE LEAST SQUARES MATCHING | automation, The Photogrammetric

Y Record 25(132): 356—381 (December
[ FINAL BUNDLE ADJUSTMENT I

v 2010)
[ ORIENTATION PARAMETERS ]

& 3D SPARSE POINTS

[ SURFACE MEASUREMENT ]

b
[ MESH GENERATION & TEXTURE MAPPING ]

Remark: oppositely to general workflows used by commercial softwares here we know for each task
which method is used but this knowledge is difficult to understand by non-experts in computer
vision.
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Other example: Roman Silver Coins case study:.

COLOR & SPACE IN

Can we detect complementary data using different measurement systems ? CULTURAL HERITAGE

if yes, what are the spatial features common to all image systems ?

Here only manual alignment could be X-ray fluorescence maps
done but the accuracy of this alignment - m.:’i
s low. R

.4:00 b l .01500

R 4
2,00 0,250
. 1,00 . 0,125
0,00 0,00
P

b

Structured light © Julio del Hoyo Melendez, National Museum in Krakow

Coin A - elemental analysis (EDS)

Meas area| Magnesium | Aluminium | Silicon Copper Silver
No Ma Al Si Cu Ag
1 037|084 089 039 9752
2 0.27 0.88 Q77 1.25 96.83
3 0.31 0.52 1.1] 113 96.94
4 0.37 0.78 2.38 0.71 95.75
5 0.37 0.52 1.37] 0.51 97.23
5] 0.31 0.37 1.15| 123 96.94
[ Averag_g ! 0,33_ 065 1 ,ZB! L 0,87__ 96,8'(
T CoinA
033 \(1;2‘3—%70 7%
Energy dispersive X-ray
- Mg
spectro-scopy . i
M Si
o Cu
N 96.87% '
© Aurore Mathys, e 3
Royal Belgian Institute T
of Natural Sciences © Miroslav Hain, Institute of Measurement Science, Slovak Academy of Sciences, Bratislava Coin diam. = 17 mm
COST is supported by the EU Framework . . -~
- Programme Horizon 2020 COSCH Final Conference, Mainz 10-11/10/2016 L 55550,«
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Other example:
According to Saval-Calvo et al.: COLOR & SPACE IN

CULTURAL HERITAGE
“The most common algorithms for registering multiple views from a scene are based on lterative Closest Point
(ICP) and RANSAC.

ICP iteratively registers in a fine way two point clouds using the closest point matching to evaluate the
correspondences between them and it is still used in recent application.

Many variants have been proposed for enhancing the result adding normal information or knowledge about other
kind of constraints (e.g., borders, color, etc.). However, this method needs an initial transformation to avoid
convergence in a local minima.

On the other hand, RANSAC-based methods evaluate matches (commonly estimated using 2D or 3D features)
and remove the wrong correspondences between points of a view and the reference view. RANSAC is often used
to extract the initial transformation for the ICP.

Those methods, despite the fact that are noise-resistant, o nly can deal with a certain level of noise.
Specifically, there exist various works dealing with RGB-D low-cost sensors.”

Marcello Saval-Calvo, Jorge Azorin-Lopez, Andrés Fuster-Guillo, Higinio Mora-Mora, yu-MAR : Multiplane 3D
Marker based registration for depth-sensing cameras, Expert Systems With Applications 42 (2015) 9353-9365

Scene aquisition

. : : Multiplane based Plane detection Registration of Object registration
using depth-sensing !

marker segmentation and model extraction marker models [t

[modelz]

camera

: I

| |

: |

| :

I | EW =

: PR i

i - E : . . b | & "'-. e & |wiews]
i |

I 1 |

u-MAR

Fig. 1. Overview of the proposed object registration method. Hyphened rectangles represent preyvious steps.
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Example of processing chain commonly used
for fusion of 3D and 2D data

) & SPACE IN
AL HERITAGE

Example of information that end users should know.

has Input
. . Required Accuracy
Processing Chain Processed Data ‘ ‘
. h tout | Low, Medium, High
Fusion of 3D and 2D data has output 3D 2D as outpu
has Input | Technical Competence
_ Alignment of 2D data Manual alignment <1 | Low, Medium, High
Image Processing with 3D data '
Automated or semi-
automated alignment <
Manual alignment 2 i
Correction of 2D '
Geometrical distortions Automated or semi-
has Input automated alignment « |
| Outliers Removal Manual removal 5
Point Cloud Processing |
Automated or semi-
<—
automated removal
has Input ) o
Correction of color . CH Object Reflectivity
. Manual correction
Texture Mapping appearance — | Low, Moderate, High
Automated or semi- <—
has output Processed Data automated correction
COSTi rted by the EU F k . y
| [l St EN Conference, Mainz 10-11/10/2016 CcCcosc
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Example of 3D reconstruction using both Structure from Motion (3D scans) and
Photogrammetry (2D photos).

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

Remark: If the result is not “visually appealing”, several post-processing steps/stages can be
performed (e.g. using Meshlab) but it usually causes decrease of accuracy of data

@ MeshLab_64bit v1.3 4BETA - [Project_1]
# File Edit Filters Render View Windows Tools Help

™ ﬁ; Apply filter Delete Current Mesh Ctrl+P
Show current filter script

Selection L
Cleaning and Repairing 1]
Create New Mesh Layer L]
Remeshing, Simplification and Reconstruction *
Polygonal and Quad Mesh 4
Color Creation and Processing *
Smoothing, Fairing and Deformation ¥
Quality Measure and Computations r
Normals, Curvatures and Qrientation »
Mesh Layer L
Raster Layer ¥
Range Map ¥
Point Set x
Sampling L
Texture L

Camera

G €D XX

Ambient Occlusion - Per Face
Ambient Occlusion - Per Vertex

2o 2570

=

Color naise Project_1
Colorize by border distance

Colorize by face Quality

Colorize by geodesic distance from a given point
Colorize by vertex Quality

Colorize curvature (APSS)

Colorize curvature (RIMLS)

Compute curvature principal directions
Depth complexity

Discrete Curvatures

Disk Vertex Coloring

Equalize Vertex Color

Per Face Color Function

Per Face Quality Function

Per Face Quality according to Triangle shape and aspect ratio
Per Vertex Color Function

Per Vertex Quality Function

PerMesh Color Scattering

Perlin color

Project active rasters color to current mesh
Project current raster color to current mesh
Random Component Color

Random Face Color

Shape Diameter Function

Smooth: Laplacian Face Color

Smooth: Laplacian Vertex Color

Texture to Vertex Color (between 2 meshes)
Transfer Color: Face to Vertex

Transfer Color: Mesh to Face

Transfer Color: Texture to Vertex

Transfer Color: Vertex to Face

UnSharp Mask Color

Vertex Color Brightness Contrast Gamma
Vertex Color Colourisation

Vertex Color Desaturation

Vertex Color Filling

Vertex Color Invert

Vertex Color Levels Adjustement

Vertex Color Noise

el Cera_2obj*5: a1

Vertex Color Thresholding
Vertex Color White Balance
Volumetric obscurance
Voronoi Vertex Coloring

cosE
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Example of 3D reconstruction using both Structure from Motion (3D scans) and

Photogrammetry (2D photos).

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

Remark: If the result is not “visually appealing”, several post-processing steps/stages can
be performed (e.g. using Meshlab) but it usually causes decrease of accuracy of data

& MeshLab_64bit v1.3.4BETA - [Project_1]
@ File Edit Filters Render View Windows Tools Help

D) &

Apply filter Delete Current Mesh
Show current filter script
Selection

Cleaning and Repairing

Create New Mesh Layer

Remeshing, Simplification and Reconstruction

Polygonal and Quad Mesh

Color Creation and Processing
Smoothing, Fairing and Deformation
Quality Measure and Computations
Normals, Curvatures and Qrientation
Mesh Layer

Raster Layer

Range Map

Point Set

Sampling

Texture

Camera

Ctrl+P

»

Clamp Vertex Quality

Colorize by border distance

Colorize by geodesic distance from a given point
Compute Planar Section

Per Face Quality Function

Per Face Quality according to Triangle shape and aspect ratio
Per Vertex Quality Function

Quality Mapper applier

Quiality from raster coverage (Face)

Quiality from raster coverage (Vertex)

Saturate Vertex Quality

Select by Face Quality

Select by Vertex Quality

Compute Geometric Measures

Compute Topological Measures

Compute Topological Measures for Quad Meshes
Per Face Quality Histogram

Per Face Quality Stat

Per Vertex Quality Histogram

Per Vertex Quality Stat

QPN OB -& - Bi5E

SEED XXX

Project 1

>4 ] Cera2.0bj* 1M
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Example of 3D reconstruction using the Artec Studio software (based on
Structure from Motion)

[ <

COSCH

COLOR & SPACE IN
CULTURAL HERITAGE

Remark: the quality of the result also depends of: - the processing chain used; - the
default parameters used; - the user interactions to be done; - ...

._5 * Ch\Users\Invited\Documents\Artec Studio Projects\stone\stone.sproj - Artec Studio 10 Professional == X
File Edit View Window Help
Allan
@ »c

Scan =
@ Rigid & Non-rigid £ Constrained

Editor | Rigid alignment for scans and models

@ «  Prev pair Next pair New pair
Tools

e Align markers I'm feeling lucky! (auto-alignment)
Align | align meshes

LA
Edges Align meshes

L] [[1Enable texture align
Repair | ote that turning on
Ef this option may slow
Measures, down algorithm
k=3 significantly and thus
Multi it is recommended
only for objects with

- poor geometrical
et e features (like nlanel
'8
Publish | ¥
@ Sca...
® Scan3
Loa window
4:25:25 PM: Application started
4:26:43 PM: Project loaded from C:\Users\Invited\Documents\Artec Studio Projects\stone\stone.sproj
5 ‘ Z 4:29:43 PM: Command [Remove 1 scans] undone
Quick help

Apply Cancel |
Free RAM: 8825 MB | Total memory in use: 4195 MB | Ready T

- ENG  431PM

FR 22/2016 | glsli
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Example of 3D reconstruction using the Artec Studio software (based on
Structure from Motion)

COLOR & SPACE IN
CULTURAL HERITAGE

Remark: the quality of the result also depends of: - the processing chain used; - the
default parameters used; - the user interactions to be done; - ...

$ * Ch\Users\Invited\Documents\Artec Studio Projects\stone\stone.sproj - Artec Studio 10 Professional w5 x
File Edit View Window Help
Allan
@ »hc

Scan Zi s
@ Rigid & Non-rigid & Constrained

] g ;
Editor | Rigid alignment for scans and models

] «  Prev pair Next pair New pair
Tools

P Align markers I'm feeling lucky! (auto-alignment)

Align | Align meshes

LA
Edges Align meshes

4] |:| Enable texture align
Repair | wote that turning on
& this option may slow
Measures| down algorithm
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@ Scan3
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4:25:25 PM: Application started
4:26:43 PM: Project loaded from C:\Users\Invited\Documents\Artec Studio Projects\stone\stone sproj
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Processing chain commonly used for
3D reconstruction

SPACE IN

HERITAGE
Example of information that end users
should know.
has Input
Processing Chain Processed Data
Scanning has output 3D has output
Required Accuracy
Remove L Medi High
isolated points ow, Medium, Hi
has Input Filtering
Point Cloud Pre-processing Delete
gross errors 2
Manual alignment
has Input Alignment of scans
. . Automated or semi-
Point Cloud Processing ) .
Remove redundancies automated alignment Technical Competence
in overlapping areas — Low, Medium , High
and outliers Manual removal
has Input
pu Automated or semi-
Meshing of the 3D Point Decimation of the automated removal
Cloud meshing
: Processed Data
Remove meshing has output
errors Mesh 3D
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Remark: despites the recent advances in computer vision none universal

automatic 3D reconstruction method, that can satisfy all end users
expectations (high geometric accuracy, capture of all details, photorealism, high  cutrorat erimace
automation level, low cost, portability, application flexibility, and model size

efficiency), exists yet. That means that significant human interactions are still

required fcI)r some objects/scenes

Widely separated views Closely spaced sequence

Interactive
Automatic

Initial point extraction
Registration

Detailed feature extraction

FRRLSRpes and Rbperions Remark: quality criteria can be defined to help end

users to find the best choices when they interact

General procedure for image-based modeling.

Sabry F. EI-Hakim, J.-Angelo Beraldin, Michel Picard, and Guy Godin, Detailed 3D Reconstruction of Large-Scale
Heritage Sites with Integrated Techniques, IEEE Computer Graphics and Applications, May 2204, pp 21-29.
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Example of 3D reconstruction using the Artec Studio software (based on
Structure from Motion) COLOR & SPACE IN

CULTURAL HERITAGE

Remark: the selection of a processing chain  depends of the research guestions to
address and of the relevant characteristics to reveal.

@ © Pierre Arnaud Here, the quality of this 3D

reconstruction (based on Structure from
Motion) is enough good for interactive
3D visualization but the level of details
IS not enough high to survey macro and
micro-structures.

Detection of cracks and of restorations from high resolution image (photogrammetry)

[ "
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Example of 3D reconstruction using the Artec Studio software (based on
Structure from Motion) COLOR & SPACE IN

CULTURAL HERITAGE

Remark: the selection of a processing chain depends of the research guestions to
address and of the relevant characteristics to reveal.

© Pierre Arnaud

Here, due to a of corresponding points between images, very few 3D
reconstruction methods will perform well: methods based on structure from motion (such as
Artec Studio software) and methods based on photogrammetry (such as Agisoft software) fail to
provide relevant results if some are not adjusted in the right way.

In some case, end-users may face issues to adjust some settin g values and
consequently cannot use automatic methods in an appropriat e way.

i —y
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Example of 3D reconstruction using the Artec Studio software (based on

Structure from Motion) COLOR & SPACE IN
Remark: the quality of the result also depends of: - the processing conTRRAL HERTAeE
chain used; -of the default parameters used; - ...

Ji C\Users\Invited\Documents\Artec Studio Projects\stone spi new4\stone spi new4.sproj - Artec Studio 10 Professional = X
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a
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v
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Post-processing
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Smoothing Apply =
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4:33:29 PM: Project loaded from C:\Users\Invited\Documents\Artec Studio Projects\stone spi newd\stone spi newd.sproj

Free RAM: 739 MB | Total memory in use: 12980 MB | Ready

~ y ENG  4:36PM
p; .‘ ~ = 7/22 2
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Example of 3D reconstruction using the Artec Studio software (based on
Structure from Motion) COLOR & SPACE IN

Remark: the quality of the result also depends of: - the processing chain
used; - the default parameters used; - ...

.__i C\Users\Invited\Documents\Artec Studio Projects\stone spi new4\stone spi new4.sproj - Artec Studio 10 Professional e x
File Edit View Window Help
roais = Worksoace - stone soinews %
SEwMw DwOw Gv D6
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Tools | Fine Registration Apply * oo Scan2 cop 4175 4175 / 2164Mb Warning
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@ Global Registration B
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. iterations | 2000
L
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e Fusion
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Multi )
Fast Fusion Apply
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Texture| smooth Fusion Apply
L's .
Publish Sharp Fusion ;
resolution 0.3
Fill_holes By_radius
max_hole_radius 5

remove_targets Off

Apply
Post-processing
Small Objects Filter Apply *
Hole Filling Apply -
Mesh Simplification Apply -
Fast Mesh Simplification Apply -
Remesh Apply | *
Smoothing Apply -
Normals Inversion Apply
Loa window L
4:26:43 PM: Project loaded from C:\Users\Invited\Documents\Artec Studio Projects\stone\stone sproj ~ ‘

4:29:43 PM: Command [Remove 1 scans] undone
4:33:26 PM: System hasn't enough memory to load scan [Scan2 copyl, it will remain unloaded
4:33:29 PM: Project loaded from C:\Users\Invited\DocumentshArtec Studio Projects\stone spi newd\stone spi new4.sproj

Free RAM: 768 MB | Total memory in use: 12978 MB | Ready
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Example of 3D reconstruction using the Artec Studio software (based on
Structure from Motion) COLOR & SPACE IN

Remark: the quality of the result also depends of: - the processing chain =" ™"
used; - the default parameters used; - ...

Jl Ch\Users\Invited\Documents\Artec Studio Projects\stone spi newd\stone spi newd.sproj - Artec Studio 10 Professional = X
File Edit View Window Help
@ Foals WUI'KSD?CE -'slone spinewsd B
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Mode: Manual i :
Scan D Title Loaded  Total Quality
&  Registration s 1 Scan7 744 744 /1377Mb 01
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L
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e Fusion
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= Outliers Removal Apply -
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Fast Fusion Apply
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Texture ' smooth Fusion Apply
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Publish Sharp Fusion
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remove_targets Off -
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Post-processing
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Example of 3D reconstruction using the Artec Studio software (based on
Structure from Motion) COLOR & SPACE IN

CULTURAL HERITAGE

Remark: the quality of the result also depends of: - the processing chain
used; - the default parameters used,; - ...

‘ stone drk psx — Agisoft PhotaSean (16 days left)
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Remark: Usually if the input data does not satisfy certain properties required by the
triangulation algorithm (good point distribution, high density, little noise, no occlusion
and so on), surface reconstruction algorithms produce incorrect results. it g L

According Remondino,et al. :

« The conversion of the measured 3D point cloud into a consistent polygonal surface is generally based on four steps:

1. Pre-processing : in this phase erroneous data is eliminated and noise is smoothed out and points are added to fill
gaps. The data may also be resampled to generate a model of efficient size (in case of dense depth maps from
correspondence or range data).

2. Determination of the global topology of the object’s surface, deriving the neighbourhood relations between

adjacent parts of the surface. This operation typically heeds some global sorting step and the consideration of
possible constraints (such as breaklines), mainly to preserve special features such as edges.

3. Generation of the polygonal surface : triangular (or tetrahedral) networks are created satisfying certain quality
requirements, for example, a limit on the network element size or no intersection of breaklines.

4. Post-processing : after surface generation, editing operations (edge corrections, triangle insertion, polygon editing,
hole filling) are commonly applied to refine and correct the generated polygonal surface. »

Remondino, F.; El-Hakim, Sabry, Image-Based 3D Modeling: A Review, The Photogrammetrlc Record Journal
Volume 21, Number 115.September 2006. pp. 269-291. NRC 48470. 3
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Example of 3D reconstruction using the Artec Studio software (based on
Structure from Motion)

Remark: the quality of the result also depends of: - the processing chain
used; - the default parameters used, - ...

ﬁ C\Users\Invited\Documents\Artec Studio Projects\stone spi new4\stone spi new4.sproj - Artec Studio 10 Professional
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COLOR & SPACE IN
CULTURAL HERITAGE
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Conclusion

The quality of outputs depends of several factors: v |nput data, Input properties,  cotor s seace in

CULTURAL HERITAGE

v Preconditions and Prerequisites,
v’ Parametric factors,

v Quality criteria

Example of information that end users should be aware

Data Property : has shapes Data Property : has texture

overlap character, has data accuracy
Processed Data
has Prerequisite Quality factor 3D
Processed Data
has Input . has output
with 3D data
Quality factor accuracy
has Precondition Parametric factors
Data Property : has control points Algorithm Property : has
(at least 4 no-aligned in 2D), or has processing time, has interactions
markers with user, has parameters to set
COST is supported by the EU Framework . . - | DEt
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Conclusion J—I_/m_|

COLOR & SPACE IN
CULTURAL HERITAGE

There is no universal technigue that can be automatically applied to each research
guestion and every application scenario. Selecting the most effective
and for a given application is not obvious.

Each methodology has its own set of advantages and disadvantages, end-users
should be informed about the most important ones.

Some solutions, developed by computer vision experts, exist in the state of the art to
increase the and of processing methods but
progresses still need to be done (for feature extraction, 3D modelling, texture
mapping, manipulation of heterogeneous data, etc.).
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