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Context

Hand-drawn sketches are useful in geology for illustrating and validating hypotheses, but they are
limited. In addition to representing only one 2D slice of the terrain being investigated, they can
only represent hypotheses on the underground composition at discrete time steps, rather than a
complete history. Insuring consistency between these sketches over time heavily depends on the
skills of the geologist, and on his knowledge on the way geologic slices of soil fold, on the way
cracks propagates and produce sliding, and on the way sediments are deposited. Exploring
different hypotheses is very difficult, if not impossible, with the current pipeline.

Recently, it was proposed to organize geological sketches into « story trees » to present and
compare different interpretations of the formation of a given terrain [1] but the task remains
labor-intensive, requiring the geologist to draw every sketch in the story tree. In this internship,
we would like to follow up on this line of research by proposing methods for inferring a
geological story tree directly from a single geological sketch, and presenting the resulting tree of
possible geological stories as an animation.

Objectives

While previous work has investigated methods for generating 3D models from annotated 2D
geological sketches or seismic slices [2], little work has been devoted to the complementary
problem of interpolating geological sketches over time. More importantly, no automatic method
for inferring and visualizing possible pasts from a single sketch representing the present situation
was proposed. This is the goal of this internship: the general methodology will be to compute
inverse physically-based simulations, going backwards in time, from an input geological sketch
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representing an instant in time. Due to discrete events such as cracks, this process will result into
not only one, but a number of plausible explanations of the past. The result will be stored as a tree
of possible geological stories, to be visualized and further refined by the geologist.

Starting from a single hand-drawn sketch of a longitudinal slice of the earth, the backward
simulation will consist of both continuous and discrete components. Continuous deformations
(preserving the topology) such as the inverse effect of erosion, or sediment deposition, slice
compression and of fold creation/suppression will be implemented by changing the width of the
corresponding slices, or pushing and pulling the land in physically-plausible directions to change
curvature. Discrete deformations (resulting in topology changes) such as fault networks
creation/suppression will be implemented as stochastic binary trees as proposed by Nicolas
Cherpeau and co-workers [3], resulting in branches in the story tree.

One important aspect of geological structures is their topological complexity, resulting in highly
non-manifold substructures of volumes, surfaces, folds, cracks and faults. To deal with this
complexity, the input sketch will be represented as a vector graphics complex [4], a data structure
which has been shown to model all possible incidence relations between vertices, edges and faces
in 2D sketches. The output animation will be represented as a vector animation complex [5],
which can describe all possible changes in the topology of a vector graphic complex over time.

Using the open-source « vpaint » software [6], the intern will design and implement tools for
quickly creating geological animations from a single geological sketch. The work will focus on
proposing methods for computing the story tree based on an analysis of the sketch topology;
backward-simulating each branch in the story tree; and displaying the story tree as a branching
tree of vector graphics animations. Crucially, methods proposed for controlling the number of
branches in the story graph [7] will need to be adapted for the special case of geological stories.
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