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Abstract. Digital technologies based on 3D models are always more
used to document archaeological remains and obtain hypothetical recon-
structions when these remains are more or less heavily damaged. This
work addresses the case of remains of ancient musical instruments, and in
particular the case study of a brass instrument from the Roman Empire
period, found in Voghenza (Italy). The pieces composing the instrument
were first digitized by means of a structured light system, then virtually
restored and recomposed applying a on-purpose developed algorithm.
Finally, some sounds coherent with the geometry of the reconstructed
model were simulated using a physically-based synthesis approach.
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1 Introduction

For millennia, music culture has been handed down orally, since the first detailed
written music documents are relatively recent [11]. Therefore, what we know
about the music of the past is due to indirect documents, such as literature,
music theory treatises, and iconography. In this context, archaeological finds of
musical instruments such as ancient flutes or harps coming from ancient Egypt
[2, 1] or Greek-Roman areas are a very important direct source of information.
Unfortunately, these instruments are often seriously damaged and cannot be
played anymore. Therefore, observing these artefacts we can have an idea of the
global shape and analyse the materials they are built from, but we can not listen
to their sound and have experience of the performing practice.

Traditionally, playable copies of ancient instruments were built by craftsmen.
This approach has several limits: a) the manufacturing process is usually slow
and expensive; b) often one or few copies only can be built, limiting access
to the instrument; c) when the reconstruction is uncertain, due to the poor
state of conservation of the artefact, it is difficult to test and evaluate different
possibilities.
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The digital technologies based on 3D models overcomes these limits. The re-
construction is virtual, therefore many different hypotheses can be tested; FEM
techniques [12] and physically informed algorithms allow to simulate the sounds
produced by the artefacts, giving also a basis for evaluating the different recon-
structions; virtual models can be easily shared, making possible global access to
the heritage; finally, additive printing technologies offer the opportunity to have
physical copies at relatively low costs. Nevertheless, methods and algorithms to
obtain a virtual reconstruction of musical instruments in an automatic or semi-
automatic way are still missing; several algorithms were developed in the past
years for simulating the sound of known instruments, but these algorithms need
to be modified and improved to meet the requirements of these ancient and al-
most unknown instruments; 3D printing processes need to be tuned to take into
account the influence of materials and textures on the sound generation. These
issues will be discussed and several solutions will be proposed in reference to the
case study of an ancient Roman musical instrument, found in Voghenza, close to
Ferrara (Italy) and now hosted in the archaeological section of the Civic Museum
of Belriguardo. This instrument is the subject of an ongoing multidisciplinary
project, that aims to analyse, reconstruct, and valorise this important musical
heritage. A 3D model of the pieces composing the Voghenza instrument were first
acquired and then subjected to two kinds of numerical elaboration. The first one
aims to repair small holes and deformations, by means of filters and numerical
interpolation, and is particularly suited for pieces with less severe damages. The
second one aims to estimate the geometric parameters of the trumpet, also in
case of very corrupted pieces. In particular, an original algorithm was developed
to estimate the central axis of the curved tube of the trumpet and its increas-
ing diameter. The algorithm, developed in Julia language, is based on a least
squares fitting with elliptical shapes. Up to now, the mouthpiece of the trumpet
has been fully reconstructed and printed. Moreover, during the presentation, a
preliminary sound simulation of the modelled trumpet will be played.

2 3D model

2.1 Acquisition

The trumpet, made of a metal alloy (probably bronze), is broken into 8 pieces
and each piece further suffers from large holes and damages.

The 3d model of each piece was acquired by means of a structured light
system that uses light patterns (or codes) and is based on digital cameras and
projector. The projector shines a single pattern or a set of patterns onto the
surface of an object; the camera then records the patterns on the surface. If the
surface of the object under scanning is planar, then the pattern acquired by the
camera would be similar to the pattern illuminated by the projector. However,
if the object has some variations on the surface, the pattern acquired by the
camera would be distorted compared to the projector pattern. Therefore, the 3D
shape of the object can be reconstructed by comparing the projected patterns
acquired by the camera. The structured light systems have several advantages:




