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* CONTEXT & RAILWAY ENVIRONMENT

« DENSE 3D POINT CLOUDS

« SOLID IMAGE
Concept & structure

* DIGITAL SURVEY
PROCEDURE FOR
STRUCTURAL MAPPING

Discontinuity sampling
Key bloc modeling
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e 2 300 km of rock
cuttings along the
French railway network

 Natural hazards are
the second most
frequent cause of
traffic disruption

SNCF INFRA
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CONTEXT & RAILWAY ENVIRONMENT g

Railway performances :

Reliability, Availability, Maintenability, Safety and Costs

Hazards T [ REIIEY
! system I ‘

Rock fall risk

!

Barriers and
reinforcement
works

V3

Optimizing survey data for
SNCF INFRA risk management ?




§

... from: Classic railway configuration

e Terrestrial Laser-Scanning
 Dense Image Matching

Survey station

Accessible
area

Railway platform

* New and massive data for the
SNCF geologists

« How to handle and exploit it ?

V3
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SOLID IMAGE : CONCEPT & STRUCTURE

« Enrichment of a classical 2D digital image with the corresponding 3D geometrical
information [Bornaz and Dequal, 2003]

 Co-referencing the camera and the 3D model by surveying few control points
« Calibrated camera : focal length ? lens distortions ? ...
* Projecting each 3D point

onto the corresponding P (Xe;YF.2F)
image plane

(Xo0,Y0,Zo) — position
SNCF INFRA (®0,(o,y0) — orientation
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3D pixel

Distance value
— 4 bytes per pixel

alpha chanel and
— color map for depth visualization

Rangé matrix
+*

2D Digital Image

Additional information —

SNCF INFRA

"empty" pixel

'Red
' Green — 3 x 1 byte per pixel
Blue

— Range data (3D points)

— Reflectivity values

— Structural information (discontinuity set)
— Temperature value

— efc... @



Case study

11 images : Canon EOS 5D Mark Il + 105 mm
TLS Point Cloud : Leica HDS7000
14 ground control points for the co-referencing
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STRUCTURAL MAPPING AND DIGITAL g

SURVEY

Graphical
user interface

Real-time
information
directly on the
image

Multiple
layers helping
with the
structural
interpretation

SNCF INFRA
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STRUCTURAL MAPPING AND DIGITAL
SURVEY

Converting 2D pixels selections into useful information for rock engineering

3D INSPECTION TOOLS

; 3D distances

"{ Cf Discontinuity survey and geometrical characterization

Orientation viewing

@ Specific orientation highlighting

4&, Intersection/Propagation of fracture planes

# Block modeling

SNCF INFRA Support the geologist in its expertise @




STRUCTURAL MAPPING AND DIGITAL

SURVEY

Converting 2D

raerranes  bplctation  Afichege |

™:

pixels selections ' o PR 0P IRIMTICY LT O Digital survey
into useful Q":;;::&b: e soite ec---'!.-!! [ et i | 3 —
. . - (Gl
information for rock |[™ s « Ed‘«ﬁ _d =
engineering e “’%;: — -
&= ¥ @ i
. . ) -Mu-m ;':252:311
Discontinuity 1 >
sampling : ; Propriétés 5 Polygonal
Propriété Valeur & se'ection
Pocels: 17032 s e
[ ) &l’lﬂl ‘m i -
Le_ngth/Surface = e :
« Orientation and Discontinuity ] || ———————
ro e e ¢ Y=
stereoplot properties b & Cente [ Y=967579
« Standard deviation iz s
) Zoww vk oy #2lnd : s i «p1
from the mean == M-WT Fpali - e >
¥ 9.7*
plane @ ®D ' e Profil [, [EJ A P, ”
A «p2 -
R(f)_lughness :;.’n S S ff’s. E:?'D view
profiies et et | profi . (o) -

SNCF INFRA




STRUCTURAL MAPPING AND DIGITAL
SURVEY

Check and validation for the discontinuity orientation

3D Laser.

Ealimated mean plane Computad mean plane Compuled maan plane

N3G TS == N 303" 1 66% == N 303" / 66" ==
Compass-clinometer survey 3D point cloud survey Solid Image survey
— weak statistical sample — Automated and — Controlled
ST non-controlled -
— . —
1 set is missing operation Quick, easy and

precise
SNCF INFRA @



STRUCTURAL MAPPING AND DIGITAL
SURVEY

Tools for structural investigations

Highlighting
1 specific

| orientations

with a given
threshold
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STRUCTURAL MAPPING AND DIGITAL
SURVEY

Virtual delineation of the

studied block N S ——
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- selection on the image

olume [m3] : 0.818

» 3D preview helping the
process Side
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Volume &

Kinematic analysis
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CONCLUSION g

The presented tools are gathered into a standalone software
GAIA-GEOROC

developed primarily for geologists in charge of rock fall risk management along the
French railway network.
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CONCLUSION g

« GEOMETRIC CHARACTERISATION of arock face using dense 3D POINT CLOUDS

« BENEFITS

SAFETY for field and office staff, thanks to remote
sensing technologies and the 3D data

RELIABILITY Complete and reliable geometrical model of

the studied outcrop (structural analysis /)

Saving estimated between 10-20% compared
to classical methodology

« PERSPECTIVES:

Integration of these geometric parameters into other solutions for modeling the mechanical
behavior of a global rock solid mass (Discrete element method) in 3D...

SNCF INFRA @
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