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Leica ScanStation 2 Laser

Scanner
Only three years ago it could take hours to
acquire a full scene within a field of view of
360° (azimut) x 270° (zenit); nowaday it takes

Trimble TX8 Laser Scanner
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The general purpose of the work is to show an innovative and
efficient method to investigate the morphological changes due to
the material extraction in an underground marble quarry of the
Apuan Alps (Tuscany, Italy) over a time spam of about two years.
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Apuan Alps are a metamorphic e
complex outcropping as a tectonic |
window, resulting from two main
tectono-metamorphic events:

* D, phase (Lower Miocene): ductile
compressional event due to the
continental collision between Sardina-
Corsica block and Adria plate;

* D, phase (Upper Miocene): distensional event that led to an
isostatic rebalance.



r STONECHANGE 2016
INTERNAZIONALE x :
AU £ MACCE {1 @ oot s | R conygpid g

" CARRARA SPA % fi s

STUDY AREA

antiform fold
Donna syncline

The excavatic
structure locate

The marble varieties extracted from the quarry belong to the
groups of Grey Marbles and Veined Marbles
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Outside Quarry entrance
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TERRESTRIAL LASER SCANNING
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same were used
for the second
urvey in May 2014.
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Leica ScanStation2 Laser Scanner

Leica Geosystems blue planar targets allow
automatic identification and extraction by
Leica™ Cyclone software.

Scan detail of a Leica planar target
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TERRESTRIAL LASER SCANNING

50 million points

Leica™ ScanStation2 Laser Scanner Top view of 3D Laser Scans
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external digital camera.

era (Nikon D80)

Example of a panoramic photo
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3D POINT CLOUDS
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Intensity values
Textured points with RGB info

Intensity point cloud : Textured point cloud
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GPS AND TOTAL STATION

Total Station (rr

Leica circular prism Leica MS50 Total Station L e

* Measurement in static modality for more than
3 hours of individual reference reflectors/prisms
with

e i

Leica Viva GS15 GPS
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DATA PROCESSING
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%}:LEICA Geo Office - [Project Sottovettolina_TS]
@File Import Edit View Tools GPS-Proc Export Window Help
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Post-processing in Leica Geo Office software

. of differential GPS measurements allowed to
provide
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Through the Total ouds were referred
to a unique reference sys applying a spatial trasformation
(roto-traslation) using the targets as system constraints
(Registration).

reported a

@) Registration: Sottovettolina_GB
Registration Edit ScanWorld Constraint Cloud Constraint Viewers Help

A A R B

A Scanonds' Gonstraints =#< Constraint List I |4 ModelSpaces I

/N
[ Constrain... | Scanworld Scanworld Type Status | Weight m Error Yector Group

tg10 Station 1: Sca... Station 1: Sca... Coincident: Yertex - Vertex On 1.0000 [-0.004, 0.001, -0.001) m  Ungrouped
tg8 Station 1: Sca... Station 1: Sca... Coincident: Yertex - Vertex On 1.0000 [0.006, -0.005, 0.002)m  Ungrouped
ta? Station 1: Sca... Station 1: Sca... Coincident: Yertex - Vertex On 1.0000 [-0.003, 0.001, 0.002) m  Ungrouped
tgb Station 1: Sca...  Station 1: Sca... Coincident: Vertex - Vertex On [0.000, -0.001, 0.000)m  Ungrouped
tg9 Station 1: Sca... Station 1: Sca... Coincident: Yertex - Vertex On 4 [-0. 0.002, -0.002] m Unarouped
tg4 Station 1: Sca...  Station 1: Sca...  Coincident: Vertex - Vertex On 4 ; [0.000, -0.001, 0.000)m  Ungrouped
tall Station 1: Sca... Station 1: Sca... Coincident: Yertex - Vertex On 1] [0.000, 0.002, -0.001)m  Ungrouped
tgl Station 1: Sca... Station 1: Sca... Coincident: Vertex - Vertex On 4 [-0.002, 0.003, 0.001)m  Ungrouped
tg3 Station 1: Sca... Station 1: Sca... Coincident: Yertex - Yertex On 1 [0.001, 0.003, 0.000)m  Ungrouped
ta4 Station 1: Sca... Station 1: Sca... Coincident: Yertex - Vertex l [0.000, 0.002, 0.000)m  Ungrouped
Station 1: Sca...  Station 1: Sca... Coincident: Vertex - Vertex 4 [0.001, 0.001, 0.000) m Ungrouped

Station 1: Sca... Station 1: Sca... Coincident: Yertex - Vertex 4 [0.001, -0.004, -0.001) m  Ungrouped

Station 1: Sca...  Sottovettolina Coincident: Vertex - Vertex 4 f -0. 008, 0. Ungrouped

Station 1: Sca...  Sottovettolina Coincident: Vertex - Yertex 4] [-0.010, -0.001, -0.001) m  Ungrouped

Station 1: Sca...  Sottovettolina Coincident: Vertex - Yertex 4 [0.000, -0.007, 0.002) m  Ungrouped

Station 1: Sca...  Sottovettolina Coincident: Vertex - Yertex 4| [-0.004, 0.004, -0.002) m  Ungrouped

1 '_sca... . _$'P_tlgyeltolina .G i lent: Vertex - Ver'lgg' ... Dr ] [0.000, 0.003, -0.001)m  Ungrouped

Target-based Registration in Leica™ Cyclone 9.0 software
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ULTI-TEMPORAL DATA PROCESSING

@ of the two point

uds relative to the years 2012
2014
softwe
centime lterative
alghrotim (ICP, Besl &

WE

&) o Cloud Alignment Results = x|

Constraint ‘ canworld ‘ canworld | Function Value (sq m) I | RMS {m) ‘Avg {m) | Min {m) ‘ Max {m) | Paint Count | Status
Cloud/Mesh 1 | Sottovettolina_2012.pts Sottovettolina_2014.pts 0.00015745 0.014 0.011 0,000 0.054 407644 Aligned

Close

Co-registration in Leica™ Cyclone 9.0 software
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MULTI TEMPORAL POINT CLOUDS
COMPARISON

3D point
CloudCompz

This approach consists in performing a

computing distances in 3D
and using search cylinders to find corresponding points
between the two clouds.
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M3C2 distance plugin in CloudCompare software

The projection scale is the
diameter of the above
cylinder.

The max depth parameter
corresponds to the cylinder
height (in both directions).
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MULTI-TEMPORAL POINT CLOUDS
COMPARISON

Top view i Side

M3C2 Significant Change (in red)




VOLUME CALCULATION

25

Segmented areas in CloudCompare
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almost ,500 cubic metres 19 months
» tons per month).

Calculated volur

This underground
in terms of blocks;

corresponds roughly to

the extracted ornamental stone



EEEEEEEEEEEEEEE

T mw 1 N e m n

* TLS represe > excavation
olying accurate

* 3D point clouds can be pro ] an Source software.

* This approach allows direct comparison of point clouds computing
distances in 3D enabling change detection analysis with point clouds
belonging to different time periods.

* Furthermore, it allows quarry workers to gain information about the
morphological differences of extracted material and possible rock
fall zones.

* Allowing reliable evaluation of productivity, this approach can be
used to correctly plan future excavation activities.
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