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Figure 7: All steps of our algorithm. From left to right: The original distorted document is flattened using the Jacobian estimated
from the OCR analysis. An interactive refinement of the constraints improves the restoration, and is iterated until the desiderata
of the domain expert are satisfied. Ultimately, we remove the intensity and color variations from the texture.
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Figure 8: Effect of different constraints in the virtual restoration process. By constraining only the boundary of the page, a first
flattening can be obtained. However, this result still contains pronounced shrinking (visible along its left side), and the text
bends around the creases. With additional line constraints, the bending is reduced, and the tear in the bottom left sealed, greatly
improving readability. The text shrinking is only solved by introducing the isotropic constraints. The user-provided anisotropic
constraints are used to fine tune the left part of the page (highlighted in red).

Limitations. Our optimization is guaranteed to generate
an inversion-free map. However, it is not guaranteed to find
a global minimum of the energy due to the nonlinear term
which [SKPSH13] uses to prevent inversions. In our current
implementation the user can provide unsatisfiable constraints,
such as intersecting text lines. In this case, our system will try
to satisfy them in a least-squares sense. In all our experiments,
the solver satisfied the constraints and converged in less than
10 iterations.

6 Future work and concluding remarks

We presented an interactive method to restore severely dam-
aged and distorted documents. We have shown how other
parametrization approaches are unsuitable for this problem

because they are designed to maintain the original surface
metric, which in our setting is the undesired distortion present
in the documents. Instead, we directly estimate the distortion
caused by the damage using a sparse set of constraints based
on the texture of the documents, and then invert this distor-
tion.

We have adopted an interactive, semi-automatic approach
to this problem to enable an expert user, such as a conservator
or paleographer, to efficiently guide the estimation of the
distortion.

In this work, the extracted features are based on the high-
resolution texture associated with the parchments. Combining
our analysis with a physical simulation of the deformation
of the parchment material could increase the quality of the
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Figure 9: Within each row: The distorted parchments are annotated with the constraints shown in blue (top). The documents are
virtually restored, flattening the pages and removing the distortion (bottom).

results and consequently reduce the required user input. How-
ever, due to the unknown, complex and inhomogeneous struc-
ture of the material, this is a very challenging problem that
we leave as a direction for future work.

‘We have demonstrated our algorithm on a variety of pages
from The Great Parchment Book, and plan to use it to restore
all of the remaining pages.
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Figure 10: We show four pages of the Great Parchment Book restored by our algorithm, comparing the result obtained with and
without removal of shading and decoloration.
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