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Historical music instrument 3D reconstruction and wear detection in UV-induced
fluorescence photography

Thesis detailed overview The study of historical music instruments provides crucial information about the rela-
tionship between an instrument morphology and its acoustic properties. The results are useful both for researchers
and for contemporary violin makers. Our group is currently exploring a collaboration opportunity with the Arvedi
Laboratory of Non-Invasive Diagnostics of University of Pavia located at Museo del Violino in Cremona, home to some
of the most outstanding Stradivari, Amati and Guarneri violins.

Digital 3D models of these violins are needed for multiple reasons. Firstly, accurate dimension measurements
are generally taken by a curator with high-precision calipers in specific locations, and a 3D model would allow to
readjust easily the measurement locations when needed, or to measure different distances. The use of laser scanning
has been studied [1], but the procedure is tedious (up to six hours) and difficult due to the instrument shape and
to manipulation restrictions. At the same time the laser theoretical precisions is deteriorated by the presence of
the highly-reflective varnish coating. Thus, a first aim of the work is to create an accurate 3D model on two 360◦

sequences of RGB and UV-induced fluorescence images of the object, which would be useful in a first step to provide
core measurements of the instrument while avoiding a cumbersome procedure. Compared to a classical multiple-
view-stereo reconstruction, this problem differs by the availability of two modalities (the RGB and UVF images).
On the one hand these different modalities provide complementary information cues (useful for instance to remove
ambiguities), on the other hand both of them present high (but not simultaneous) specularities. Since the high re-
emission properties in UV lighting of the areas lacking the varnish coating allow for the estimation of the instrument
wear, there is a need to discriminate robustly between wear-related areas and specularity phenomena (detrimental for
3D reconstruction) for the various view-points available. Then, in the reconstruction we propose to model these types
of ambiguities in terms of compound hypotheses, in the sense of belief function theory. Now, these ambiguities add to
the classic ambiguities in feature matching processes that result in sparse, irregular 3D point clouds in the preliminary
step of a reconstruction. Then, we will take advantage of a third data source, namely a generic instrument model.
Beside providing a potentially decisive prior in the low textured areas, the model will allow us to infer jointly the
light source location and to dispose of a reliable prior for the presence of specular reflections.

A second interest of processing the image sequences is that currently the identification of varnish wear is perfor-
med in single frontal (specularity free) views [2, 3], while the possibility of using multiple views should allow for
a more comprehensive characterization of the wear. However, current analysis strategies based on a decision tree
applied to HSV values and coupled to morphological filtering, or on HSV histogram quantization would not work
as soon as significant specularity occurs. On this point, the multi-view inference supported by the specularity detec-
tion performed at the reconstruction step should allow us to detect more accurately the borders and the degree of
wear at the surface of the instruments (see Figure 1 for wear estimation in a frontal view, and interfering specularity
phenomena).

Finally, the adoption of multimedia and multi-modal applications inside museums and exhibitions is becoming
a common practice, and adapted Augmented Reality scenarios need to be identified in order to explain scientific
analyses conducted on artworks to the general public. In this case the possibility to manipulate a digital model
would allow for displaying the rich information related to the variability of each unique artwork morphology (shape,
dimensions), or the wear levels. In the field of cultural heritage, some recent works explored the problems related
to overlaying multiple modalities, and to displaying information provided by experts. For example, a path we will
explore is the work of [4] which studies how to project in 3D and superpose reliably expert information provided
in individual 2D views. In our case, the experts would be replaced by the automatically detected wear cues from
individual views. Then, the work of [5] proposes osmosis filtering to transfer information from one modality to
another ; this concept could be used in order to blend seamlessly the wear information from the UV channel into the
RGB views which are more adapted for artwork visualization.

Objective As explained in the PhD overview, three objectives are aimed :



(a) (b) (c)

FIGURE 1: a) Varnish wear estimation based on the UV fluorescence (image adapted from [2] : RGB image, UV
image and wear estimation map overlaid on the UV image ; b) Specularity in the 360◦ sequence (visible light) ; c)
Specularity in the 360◦ sequence (UV lighting).

— definition of a method allowing for 3D reconstruction of violins from multiple views acquired in visible and in
UV lighting ; a generic shape of the instrument can be assumed as prior information.

— localization and identification of varnish wear from multiple views, and particularly from those acquired in UV
lighting.

— use of the obtained 3D model of the instrument in Augmented Reality scenarios, for instance allowing the visi-
tors to visualize individual or composite wear estimation maps, or to take some specific measures of instrument
dimensions and compare them.

Context The context of this study is given by its specific application. While some methods have already been pro-
posed for 3D reconstruction, such as based on tomography measures (among the numerous techniques already pro-
posed) to only quote one of the most famous [6, 7, 8], in the case of historical instruments, the strict transportation
and handling protocols of these instruments prevent the customary use of such techniques. Beside the affordability
concerns, another limitation of most techniques, including tomography, is that although they may provide rich infor-
mation about the condition of the internal parts, the information related to the outer surface layers is limited. Now,
this is mainly the part of the instrument affected by wear. Among the lighter techniques (not requiring the instrument
transportation), the laser scanning is currently used. But the procedure is tedious (up to six hours) and difficult due
to the instrument shape and to manipulation restrictions. Then, the applicative context of this work imposes the
use of RGB and UV-induced fluorescence images of the object, which would be useful in a first step to provide core
measurements of the instrument while avoiding a cumbersome procedure.

In terms of methodology, the context is the solid background in the domain of 3D reconstruction from multiple-
view classical images as well as more and more works that aim at taking into account the local imprecision and
uncertainty of the measurements in the considered estimation problem. Indeed, when well modeled, this allows for
automatic adaptation to the actual information content of the data. Then, in this work, due to the specific appli-
cation that involves non-stationary ambiguities in the data, we aim to introduce uncertain reasoning model in 3D
reconstruction.

Methods We propose to formulate our problem as a double problem linking the 3D reconstruction with the identifi-
cation of varnish wear. Indeed, as previously stated, since varnish worn out areas can have similar color as speculari-
ties, their identification for the 3D reconstruction is required. On the other hand, the 3D model allows for predicting
possible specularities and then for distinguishing them from varnish wear.

First, in order to initialize the 3D reconstruction, we will rely on a typical MVS framework [9, 10, 11], which
will not cope with highly-reflective surfaces. The generic 3D prior model is used to densify the first guess through an
approximate registration.

Now, to model the imprecision and the uncertainty of the wear estimation, we rely on uncertain reasoning frame-
work, namely the belief function theory [12, 13, 14]. Different formulations of the problem can be considered. The
first one, the simplest, will use an evidential grid such that, in each cell of the grid, a belief function is defined and
handled. It represents the belief in any hypothesis of the powerset of the discernment frame that in our case includes
some hypothesis about the wear presence, the specularity effect, etc. Beside the primary interest for the wear esti-
mation itself, a key point is that this belief function also allows for the estimation of the reliability of the matching



for the 3D reconstruction. An alternative modeling will consider a discernment frame that is the 3D space itself and
formulate hypotheses about the localization of each different phenomenon (varnish wear, specularity). Until recently
such a discernment frame would be intractable to handle in the case of belief functions (that are defined on the po-
werset of the discernment frame). However, we have recently [15] provided a well-defined framework and efficient
tools to consider belief functions defined from a 2D discrete discernment frame, namely the 2D space considered in a
localization application (of people in a crowd). In this study, [15] work will be extended to the 3D space.

Then, localization of the wear and other relevant photometric phenomena (either directly or on a grid) will
allow us to define a specialized reliability index used to guide the data association in the different images for the
3D reconstruction, as well as the weight of the 3D prior model with respect to the multi-view images. Typically, the
problem may be approached as an optimization based on the minimization of an energy functional where the data
term accounts for the localization of the photometric phenomena, while the regularization term incorporates the
generic model prior. While many variations are available based on some fundamental algorithms [16], we intend to
rely on a framework based on loopy belief propagation [17], which has the merit of being very flexible and greatly
benefiting from acceleration on parallel architectures, and which has been used in the group [18] and accelerated
on GPU with excellent results. Once identified, specularities are typically dealt with as outliers, although some works
showed that under some additional assumptions they may be used as well in order to extract the local structure [19,
20].

Finally, as previously stated, localization is both uncertain and imprecise, so that the consistency of the 3D recons-
truction can be also used to raise ambiguities in an iterative process alternating wear/specularity estimation and 3D
reconstruction.

Expected collaborations We intend to collaborate closely with Piercarlo Dondi, postdoctoral researcher in the
Arvedi Laboratory. Our group has already been provided violin imagery required for the study. Although it is not
imperative for the student to work physically in the museum, we intend to involve as much as possible our colleagues
from Italy in the PhD work and we have sufficient own resources for missions. However, in case of a successful appli-
cation the student would be eligible to apply for mobility programs which support precisely this type of collaborative
work, such as the Franco-Italian Program Galilée 1 (for the current call, one of the selected topics is heritage and
innovation).

Prerequisites Research Master degree with strong background in computer vision and computer graphics.

Skills Image processing and machine vision. Experience with color image processing, 3D cloud point processing,
3D sparse and dense reconstruction, augmented reality. A good level in C++ programming.
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