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Surveying chalk cliffs 

● Canon EOS 5D Mark II
● Focal 35 mm
● Image format CR2 and JPG (21Mpx)

Surveying a cliff of dark clays
 Device Géocube

 Computing Tie Points

 Calibration and Pose estimation

 Dense Matching

● Scale-invariant feature transform (SIFT) [Lowe, 2004]

● Pierrot-Deseilligny, M (2012), http://www.micmac.ign.fr
● MicMac-Apero Documentation (2012),
http://www.micmac.ign.fr/svn/micmac/trunk/Documentation/DocMicMac/DocMicMac.pdf
● Lowe, D. G. (2004), Distinctive image features from scale-invariant keypoints, International Journal of 
Computer Vision, 60, 91-110, doi:10.1023/B:VISI.0000029664.99615.94.
● Shepard, M. K., B. A. Campbell, M. H. Bulmer, T. G. Farr, L. G. Gaddis, and J. J. Plaut  (2001), 
The roughness of natural terrain: a planetary and remote sensing perspective, Journal of Geophysical 
Research, 106, 32777-32795, doi:10.1029/2000JE001429
● Zribi, M., and M. Dechambre (2002), A new empirical model to retrieve soil moisture and roughness 
from C-band radar data, Remote Sensing of Environment, 84, 42-52, doi:10.1016/S0034-4257(02)00069-
X.

SIFT points 
(img1, img2) on 
pahoehoe lava 

flows 

● For the entire set of un-oriented images, 
the pose estimation results from the 
photogrammetric model:

3D point

Distorsion model

Principal Point

Focal length

Projection of P in 
pixel (2D)

Canonical 
projection

Rotation Optical center

● Computation of the multi correlation coefficient at a given 
planimetric location (x,y) for different z

● Global optimization (e.g. dynamic programming):

RegularizationCorrelation Constant

 Multi-scale approach

North

Walking direction

● Take photos walking along the cliffs
● 70% overlap between photos

 Acquisition protocol

Final reconstruction of a chalk cliff (Criel-sur-Mer, France).
3D RGB textured point clouds (yellow bounding boxes)

Output of the Pose estimation

Details of the 
chalk cliff 

Shaded point cloud textured point cloud

1m

10m

● Canon EOS 5D Mark II
● Focal 70mm
● Image format CR2 and JPG (21Mpx)

 Device

● Camera mounted on an Ultralight power driven aircraft
● Acquisition by parallel and overlapping strips at 400 m 
asl (ground pixel size of 3cm)
● Georeferencing with 10 Géocubes

 Acquisition protocol

200m
Final reconstruction of a dark clays 

cliff (Les Vaches Noires, France).
3D RGB textured point clouds

● Wireless GPS network
● Power Autonomy
● Accuracy: ~2cm

● Canon EOS 60D
● Focal 18 mm
● Image format CR2 and JPG (18Mpx)

 Device

● Mimic an aerial survey

 Acquisition protocol

3D points used for the 
pose estimation

Camera positions

Camera positions

Aa lava flow

1m

Pahohoe lava flow Ashe deposit

Pahoehoe lava flowSpatial Resolution: 1.2mm/px

Reconstructed surfaces 

Aa lava flow

1m

Pahohoe lava flow Ashe deposit

Pahoehoe lava flowSpatial Resolution: 1.2mm/px

Aa lava flow

Pahoehoe lava flow

Ashes deposit

● 13 areas (5.9 m2 to 24.6 m2 )
● 100 detrended profiles analyzed of length 
2,3,4 m
● Analysis of 

Standard deviation σ
Fractal Dimension D [Shepard et al., 2001]

Zs=(correlation lenght)2/σ 
[Zribi&Dechambre, 2002]

 Roughness analysis

 Micmac is an open-source software under the CeCCIL-B licence

 Micmac is an efficient tool for generating high resolution surfaces

 Micmac makes photogrammetry affordable for scientists

 The acquisition protocol is simple for e.g. cliff surveillance and detailed 

terrain analysis

 This tool enables metrology from the reconstructed surfaces

Tie points

The octree topology (green cubes) 
encapsulates the surface
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Ruler for scaling 
the point cloud

Scientist on 
the field

aa lava flow
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