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Data fusion of robotic total station
and time-lapse camera to assess
the surface three-dimensional
deformation of a landslide.
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Landslide monitoring

Complex kinematics
- Need of surface 3D
deformation
—> Fusion of diverse
data/sensors
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Time-lapse camera
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Digital image correlation
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Robotic total station (RTS)

3D COMPONENTS
POINT DISPLACEMENT
DISPLACEMENT IN LOCAL
COORDINATE SYSTEM
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Coordinate systems

RTS AND DIC DISPLACEMENT ARE

GEOCODED BUT THE DISPLACEMENT ROTATION ANGLES
VECTORS ARE REPRESENTED IN IOCAL! | ARE KNOWN DISPLACEMENT 3D ROTATION
COORDINATE SYSTEMS
yA 1=z 0\ :
T 4RTS
N A N
N N
XRTS ;
(\ }r, cam
YRTS > >
> > E
E E

Camera CS
Geographical CS RTS CS Y. ,=LOS A



GEOHAZARD 7\
“’ MONITORING ,\__ (‘rl

GROUP Istituto di Ricerca per la Protezione |drogeologica Consiglio Nazionale delle Ricerche

3D rotation

Non commutative sequence of basic rotations V' = Ry(qb; )R (0 )R-(y )R.(y)R(O)R,()V

1 0 0
R,(0)= |0 cosf —sinb .
|0 sinf cosé | 1 Step
T cosO 0 sing RTS vector rotated into CS__
R 9 — 0 1 0 ) ) )
v (6) (XgTs:YRTSIZRTS) 2 (x r1sY RTSZ RTS)
| —sinf 0 cosé

[cosf —sinf 0]
R.(0) = | sinf cosf 0
0 0 1]
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Data fusion

LEMMA 1: X*1c= (observed quantities)

LEMMA 2: (X'rrs, Y'r7er Z'r75) @re point displacements

am&ZRTS VA

C cam

Spatial interpolation of (X'grs, Y'rrer Z'r1s) 2 (X'1sr Yr1sr Z'o7s)
—> Strong approximation
DEFINITION: =27’ /XYZprs (XYZo1s is the displacement module)
HYPOTHESIS: « is smooth = reduced approximation
XYZ =7 [«
geo

2 qu5|on_\/(XY22cam Z cqm-X2cqm) displqcemen’r vector in the
2 V. .=R (YR (O)R (P)V. ., geographical CS

V___is the spatially distributed
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Case Study: Mont de La Saxe Rockslide
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DIC and RTS data
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e Data
fusion

results

B 3.418 5.0761

2000 —

1900 —

1800 —

1700 —|

Elevation [m]

1600 —

1500 —

1400 —

100 m

3418 5.0761 1300 —

3426 “}\ f' Id
Sy

.
<105 3422

Northing fmy 342 50761 Easting (M)



AN
GEOHAZARD N
“’ vy | lirpi (@

GROUP Istituto di Ricerca per la Protezione |drogeologica Consiglio Nazionale delle Ricerche

Performance assessment

DIC vs RTS Yrusion VS GBSAR
MAD=0.062-0.090 m MAD=0.086 m
Comparable with DIC precision 0.082 m
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Conclusions
* Time-lapse camera and RTS are robust, low-cost, portable

* GNSS are an alternative /integration of RTS

* They are already available in many existing monitoring systems =
camera-RTS fusion can be immediately implemented
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Spatially distributed displacement vectors

1 order of magnitude
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