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Abstract
The directivity of a musical instrument is a function that describes the spatial characteristics of its sound radiation. The majority of the available literature focuses on
measuring directivity patterns, with analysis mainly limited to visual inspections. Recently, some similarity metrics for directivity patterns have been introduced, yet
their application has not been fully addressed. In this work, we introduce the problem of musical instrument retrieval based on the directivity pattern features. We
aim to exploit the available similarity metrics for directivity patterns in order to determine distances between instruments. We apply the methodology to a data set
of violin directivities, including historical and modern high-quality instruments. Results show that the methodology facilitates the comparison of musical instruments
and the navigation of databases of directivity patterns.
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3. Metrics analysis

TEST DATA SET
Eighteen violin directivities experimentally collected as in 
[2]
• Ten historical violins (H1 – H10)
• Six contemporary high-quality violins (M1 – M6)
• Two identical violins made by the same maker (M7 –

M8)
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Modern violins

Historical violins

ü JSD, CMD and DID provide
mutually uncorrelated
information about
directivity similarity

ü Clustering based on DPD 
enables distinction between
historical and modern
violins

ü MultiDimensional Scaling 
based on DPD allows the 
navigation of datasets

1. Problem Formulation
Increasing interest in modeling source directivity
• Spatial audio
• Dataset availability
• Musical instruments studies

Directivity comparison is an open problem:
• Visual inspection
• Simple metrics 

Directivity of sound source:
Function describing the directional dependent sound 

propagation of a source

Antonio Stradivari (1649 – 1737)

Guarnieri del Gesù (1698 – 1744)

Samuel Zygmuntowicz (1956 – …)

…

How can we compare different different 
directivities?

2. Proposed Similarity Distances
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3. EVALUATION

3.1 Data set of violin directivity patterns

The proposed methodology is applied to a data set of vi-
olin directivities. The data set includes the frequency-
dependent directivity patterns of eighteen violins, includ-
ing ten historical violins made between the 16th and 17th
centuries and eight modern violins made during the last
two centuries. For all the instruments, the owners provided
consent for the usage of the results in an anonymous fash-
ion. For this reason, and for the ease of reading, we will
denote all the historical violins with labels H1–H10, while
we will refer to the modern ones as M1–M8.

Concerning the collection of modern violins, it is note-
worthy that the instruments labeled with M1–M6 are fine
violins selected among the candidates of the “Antonio
Stradivari International Triennial Competitions of Stringed
instrument making”. The competition, held in the city of
Cremona since 1976, embraces both Cremonese and inter-
national competitors. Moreover, violins M7 and M8 were
made by a Cremonese luthier and are known as “twin vi-
olins”. The twin violins were built by employing the very
same block of tonewood and following the same geomet-
rical model. As a matter of fact, previous research already
showed the high similarity in all the spatial characteristics
of their sound.

The patterns were collected experimentally through the
measurement procedure described in [8] and were evalu-
ated at varying frequency within the range [200, 5000] Hz
using a 4th-order spherical harmonics expansion in (1).
The instruments are played by one professional violin-
ist who is free to move and play comfortably, while the
source position and orientation are estimated by the system
enabling the measurement of the directivity as described
in [8]. The data processing pipeline and the computation
of the metrics is developed using the MATLAB software.

3.2 Analysis of the metrics

To assess the significance of the proposed distance metrics,
we first compare the frequency-averaged values of JSD,
CMD and DID computed over the set of violin directivity
patterns to those obtained for the same data with a com-
monly used similarity metric, namely NCC. The NCC

metric provides a measure of the element-wise similarity
between two patterns. In order to properly compare the
previously defined distances with the baseline, the NCC

between the patterns of the k-th and l-th violins is formal-
ized in terms of a distance as
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where !s is the s-th frequency at which the directivity pat-
terns are evaluated, with s = 1, . . . , S and S the total num-
ber of frequency bins in the data set. In this way, NCCk,l

is close to zero when two patterns are similar and reaches
a value equal to 2 when they are inversely correlated.
Fig. 2 shows a comparison between all the metrics under
study. For any possible pair of metrics, a 2D scatter plot is
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Figure 2. Comparison between proposed distance met-
rics (JSD,CMD,DID) and Normalized Cross Correlation
(NCC). For each combination of metrics, a 2D scatter plot
of the corresponding frequency-averaged values is shown.
Z-score normalization is applied to ensure the same dy-
namic range along the axes [44]. Linear regression is per-
formed to analyze the correlation between the metrics. The
regressed line and the R

2 value, measuring the degree of
correlation, are highlighted in red.

reported. The coordinates of the markers in the plot corre-
spond to the two distances for all the possible pairs of vio-
lins in the data set. Z-score normalization is applied to the
resulting values to ensure the same dynamic range along
the axes [44]. The scatter plots in the first row show the
comparison between NCC (13) and each of the proposed
metrics, while the scatter plots in the second row present
the comparison between JSD, CMD and DID only. By in-
specting the resulting distributions of points, it is possible
to highlight correlations between the metrics.

On the one hand, it can be noticed that some pairs of
metrics exhibit a point distribution that concentrates along
a line. A linear trend, in fact, can be observed in Fig. 2a
and 2b, showing the (NCC, JSD) and (NCC,CMD) point
distributions, respectively. Although less emphasized, a
similar trend can be noticed in Fig. 2d and 2e, reporting the
distribution of (JSD,CMD) and (JSD,DID), respectively.

The presence of linearity in these point distributions
can be interpreted as due to correlation, i.e. shared in-
formation, between the metrics under analysis. This can
be particularly true for NCC and JSD, which both mea-
sure the degree of pattern matching by definition. More in-
terestingly, however, correlation can be observed between
CMD and NCC. We can thus conclude that two violins
with similar principal directions of radiation tend to ex-
hibit highly matching directivity patterns. Furthermore,
JSD and CMD can be used instead of NCC to provide two
similarity measures by looking at the pattern shape and at
the principal direction of radiation separately without los-
ing information. Indeed, Fig. 2d shows that JSD and CMD

are less correlated than when considering NCC.
On the other hand, Fig. 2c and Fig. 2e do not exhibit

a linear distribution. We can interpret this evidence as the
absence of correlation between DID, NCC and CMD. As
a matter of fact, DID measures the difference in the direc-
tivity index of two patterns, which is related to the energy
distribution, and thus extracts an energy-related informa-


