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Abstract

Automatic forensic voice comparison (FVQ) systems employed in forensic casework have often relied on Gaussian
Mixture Madel - Universal Background Models (GMM-UBMs} for modelling with relatively little research into
supervector-based approaches. This paper reports on a comparative study which investigates the effectiveness of
multiple approaches operating on GMM mean supervectors, including support vector machines and various farms
of regression. Firstly, we demonstrate a method by which supervector regression can be used to preduce a forensic
likelihood ratio. Then, three variants of solving the regression problem are considered, namely least squares and £,
and £; norm minimization solutions. Comparative analysis of these technigues, combined with four different scoring
methads, reveals that supervector regression can provide a substantial relative improvement in both validity (up to
75.3%) and reliability (up to 415%}) over both Gaussian Mixture Model - Universal Background Madels (GMM-UBMS)
and Gaussian Mixture Madel - Support Vector Machine (GMM-SVM} results when evaluated on two studio clean
forensic speech databases. Under misrmatched/noisy conditicns, maore modest relative improvements in both validity
(up to 41.5%) and reliability (up to 12.1%) were abtained relative to GMM-SVM results. From a practical standpeint,
the analysis alse demanstrates that supervector regression can be more effective than GMM-UBM or GMM-5VM in
obtaining a higher positive-valued likelihood ratic for same-speaker comparisons, thus improving the strength of
evidence if the particular suspect on trial is indeed the offender. Based on these results, we recommend least
sguares as the better performing regression technigue with gradient projection as another promising technicue

specifically for applications typical of forensic case work
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1 Introduction
Forensic voice comparison (FVC) systems have often
employed Gaussian Mixture Model - Universal Background
Models (GMM-UBMs) [1-3] for modelling in forensic case-
work, in which it is commen that only a very small speech
database is available for the entire system development
Other approaches, such as the supervector-based regres-
sion techniques prevalent in numerous face and speaker
recognition studies [4-6], have received little attention in
this context. This therefore motivates a comparative study
of the effectiveness of other modelling approaches in FVC
system performance.

The likelihcod ratio is defined as the likelihood that

the evidence would be cbserved if the same-crigin
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hypothesis were true divided by the likelihcod that the
evidence would be observed if the different-origin hy-
pothesis were true [7-11].

PLE|H o)

LR = &2l
P(E|Hygo)

(1)
where LR is the likelihood ratio, H;, is the same-origin
hypothesis and Hd, is the different-origin hypothesis. £
is the evidence or the observed property of a speech
sample. p(£|H,,) denotes conditional probability density
of the evidence given same-origin hypothesis. An FVC
system typically relies on statistical evaluation of input
speech utterances that first involves training or model-
ling of the speaker identity based on an input speech ut-
terance A and a subsequent testing of the trained model
based on an input speech utterance B.

The initial output of the FVC system is defined as a
score s. A higher valued score can be interpreted as
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