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Photogrammetry is commonly used for the creation of digital models using aerial stereo photography, although
digital and satellite imagery is increasingly being used. In the field, this method has been extensively developed
by architects for the survey of building elevation. Over the years, terrestrial photogrammetry has also been
used in a wide variety of engineering applications (ship buildings, aircraft manufacture among others). Indeed,
recent improvements in camera design and photogrammetric instrumentation have led to increases in accuracies,
allowing the production of digital models with a typical submillimetric to centimetric resolution.
In Earth Sciences, few studies have been realized in this domain, although extremely high resolution digital
models can be achieved now, with a minimal investment of time and expense, especially in comparison with laser
scanning. In particular, the mapping of subsurface cavities are of great interest as well for fundamental research
considerations (carbon and water cycles), as for engineering purposes (stability).
In this study, the open source software MICMAC developed by the French National Survey IGN
(http://www.micmac.ign.fr) is used in order to calibrate unoriented digital images and calculate high reso-
lution surface models of subsurface cavities.

We report on two experiences performed in 2012 : The first field work was realized within the Petites
Dalles karstic system located 10 km from Fécamp (Normandy, France). This chalky tunnel of nearly 700 m length
and 6 m height was dug by water 800000 years ago. We chose to perform the photogrammetric survey within a
complicated zone of the tunnel (a curve of∼ 50 m long), which is nearly 3 m large and 6 m height. The acquisition
protocol consisted to walk along the structure, taking photos with only one digital camera every 3-4 m. Due to the
large dimensions of the structure, a 8 mm focal was used. An overlap of nearly 80 percents was needed to generate
a tridimensional model of the tunnel with a millimetric resolution.
The second site test is located within the 2007 basaltic lava flow of Piton de la Fournaise volcano. This lava flow
of nearly 50 m thick is still cooling, and a large quantity of unexplored tubes are present within the structure at
nearly 20 m depth. A preliminary photogrammetric test has been performed in August 2012 to reconstruct the
geometry of a part of the tubes. We chose to acquire the digital images within a small hot chamber, where the
maximum observed temperature was 200◦C. The structure is nearly 2 m high for 15 m large. This survey was
much more complicated than the Petite Dalles karstic system, because of the high temperatures, the geometry of
the chamber, the small albedo of the basalt constituting the lava flow and the light heterogeneities on the walls.
The acquisition protocol consisted to take photos of the walls and the roof every meter, either standing or laying
down, to get a maximum overlap percentage. A high resolution model (1 mm) has been generated with nearly 100
images. The use of such model extended to a larger portion of the lava flow may be extremely useful in the future
for the study of the role of cavities in the cooling the 2007 lava flow.
These results demonstrate the suitability of the MICMAC software for the characterization of the geometry of
subsurface cavities. Providing an appropriate acquisition protocol, this method can clearly complement traditional
mapping methods with an important time gain.


