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Landslide monitoring

Complex kinematics

→ Need of surface 3D 

deformation

→ Fusion of diverse 

data/sensors



Time-lapse camera

LOS
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Robotic total station (RTS)
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3D rotation

Non commutative sequence of basic rotations

1° step

RTS vector rotated into CScam

(xRTS,yRTS,zRTS) → (x’RTS,y’RTS,z’RTS)



Data fusion

LEMMA 1: x’RTS=Xcam & z’RTS=Zcam (observed quantities)

LEMMA 2: (x’RTS, y’RTS, z’RTS) are point displacements

Spatial interpolation of (x’RTS, y’RTS, z’RTS) → (X’RTS, Y’RTS, Z’RTS)

→ Strong approximation

DEFINITION: 𝛼=Z’RTS/XYZRTS (XYZRTS is the displacement module)

HYPOTHESIS: 𝛼 is smooth → reduced approximation

XYZcam=Zcam/𝛼

→ Yfusion=√(XYZ2
cam-Z2

cam-X2
cam)

→ Vgeo=Rz(𝜓)Rx(𝜃)Ry(𝜙)Vcam

Vgeo is the spatially distributed 
displacement vector in the 
geographical CS



Case Study: Mont de La Saxe Rockslide

8 million m3

37° steep

Endangered Mont Blanc Tunnel access

RTS with 32 reflective prisms

Low resolution time-lapse camera

GBSAR



DIC and RTS data
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Performance assessment

DIC vs RTS

MAD=0.062-0.090 m

YFUSION vs GBSAR

MAD=0.086 m

Comparable with DIC precision 0.082 m



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


