Free Classification of Vocal Imitations of Everyday Sounds
Which acoustic features of imitations allow the recognition of the imitated sources?
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Introduction

Analysis of the classification
Þ Hierarchical clustering:

Þ Goal:
Þ Analyze a free classification of vocal imitations of everyday sounds.
Þ Highlight the acoustic properties of the imitated sound sources.

Þ Motivations:
Þ Vocal imitations are simple but still allow the recognition of the imitated sources.
Þ They provide a paradigm for studying the acoustic invariants of the sounds.

Þ The average distance matrix D across the matrices Dp is represented with a
dendrogram as shown in Figure 2.
Þ The distance between two vocal imitations is represented by their height of fusion.
Þ Significant clusters are identified with the inconsistency coefficient defined as:
height of fusion − µd
inconsistency =
σd

Þ Contributions:
Þ Analysis of the individual strategies with the RV coefficient.
Þ Creation of clusters with the inconsistency coefficient.
Þ Prediction of the clusters with acoustic descriptors and binary decision rules.

Free classification of vocal imitations

where µd and σd are respectively the mean and the standard deviation of the
height of fusion of the d highest non-leaf subnodes.

Þ Dendrogram of the vocal imitations:
Þ The 6 imitations of a given sound are not systematically in the same cluster.
Þ We focus on 7 clusters that seem relevant to us: G1, G2, G3, E, L2, S, and S 0.

Þ Vocal imitations:
Þ We recorded vocal imitations for 3 liquid sounds L1, L2, L3, 3 solid sounds S1,
S2, S3, 3 gas sounds G1, G2, G3, and 3 electric sounds E1, E2, E3.
Þ We kept the imitations of 3 women W1, W2, W3, and 3 men M1, M2, M3.

Þ Free classification:
Þ The imitations gave a corpus of n = 72 sounds that 20 participants classified.
Þ For each participant p, the results were encoded in a n × n distance matrix Dp.

Strategies of the participants
Þ Descriptions of the categories:
Þ The participants seem to have used various similarities and strategies.
Þ One participant seems to have made classes in a rather random fashion.

Þ Individual classifications:
Þ There is no widespread method to analyze individual differences of classification.
Þ The RV coefficient gives a measure of similarity between two symmetric matrices:
RV (X, Y) = p
Þ
Þ
Þ
Þ
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Figure 2: Dendrogram of the vocal imitations. The imitations are labeled using the
imitator’s label followed by the label of the imitated sound. The clusters are created
using a threshold of inconsistency equal to 1.45 with a maximal depth d.

Acoustic properties of the imitations

trace(XXT ) trace(YYT )

It is computed between all pairs Di and Dj after centering and normalization.
Random individual classifications are added to detect potential outliers.
This gives a between-participant similarity matrix RV.
A PCA applied on RV reveals the participants’ space, as shown in Figure 1.

Þ The 7 chosen clusters are predicted using simple binary decision rules
with a few acoustic descriptors, as shown in Figure 3.
Þ First level of the hierarchy:
Þ G = G1 ∪ G2 ∪ G3, E, and R = L2 ∪ S ∪ S 0 with the modulation amplitude, and
the mean of the spectral centroid.

Þ Second level of the hierarchy:
Þ G1, G2, and G3 with the temporal increase, and the effective duration.
Þ L2, S and S 0 with the standard deviation of the spectral centroid, and the
zero-crossing rate.

(a) G, E, R.

Figure 1: Representation of the distances between the participants using the two
principal components of the PCA applied on the between-participant similarity matrix
RV, with the real participants (P) and random participants (R). This allows to detect
one outlier, thus excluded from the rest of the analysis.

(b) G1, G2, G3 ⊂ G.

(c) L2, S, S 0 ⊂ R.

Figure 3: Prediction of the clusters with binary decision rules and a few relevant
acoustic descriptors.

Discussion and perspectives
Þ
Þ
Þ
Þ

Tests on synthetic data and other results from classification tasks.
Alternative measures of pairwise similarity.
Systematic method for the choice of the threshold of inconsistency.
Extension to the imitated sounds.

