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TABLE | is a threshold-free, probabilistic framework for short-term clus-
AVERAGE SNR ACROSSMEETINGS AND SPEAKERS OF THEM4 CORPUS  taring1 Instantaneous location estimates  that are close
[10], IN dB DOMAIN. THE LAPELS ARE WORN BY EACH SPEAKER, . . w
BELOW THE THROAT. MEANWHILE, EACH SPEAKER IS BETWEEN to each other in both space and time are grouped‘ishort-
1 AND 3 m FROM THE MICROPHONEARRAY term clusters | as depicted by the thin continuous lines in
Fig. 2(b). Each short-term cluster implicitly de nes a part
of the spatial trajectory of one speaker, as well as the begin-
ning and the end of a speech utterance, as depicted by Fig. 2(b).
Short-term clustering thus addresses Batiort-term tracking
and“speech segmentatibtasks. This versatility could not be
. I . ﬁchieved with a purely static analysis of instantaneous location
generic probabilistic framework is proposed, and successfu Yii !
estimates for speech segmentation, as for example K-means, or

tested on bo?h types of scenaril, . . the static criterion used in [36]. The aims and contributions of
More precisely, the task at hand is to use the mstantane(%Hg present paper are thus threefold

location estimates given by the microphone array, for two tasks . : . . .
B o ) . 1) To investigate noninvasive methods for speech analysis.
short-term trackingand“speech segmentatidri.Short-term . . .
- . : . . 2) To introduce a generic theoretical framework for short-
tracking means using the instantaneous location estimates ) .
term clustering, along with a codence measure to detect

[dots in Fig. 2(a)] to reconstruct the spatial trajectories . :
) X . - trajectory crossings. The latter could be useful to select re-
of the various speakers over time [dashed lines in Fig. 2(a)] : X . .
liable location estimates, as a prior step to a trajectory re-

while eliminating the incorrect location estimates [marked in :
construction approach such as [37].

Fig 2(a)].“Speech segmentatibmeans detecting along time Lo . . .
. 3) To determine its usefulness in contrastive experiments
the beginning and end of each speech utterance [square brackets ; . . ; i
on real recordings, with multiple moving or static

in Fig. 2(a)]. Both tasks are diéult, not only because of the speakers. Indeed, the determination of an optimal partition
lower SNR of distant microphones, but also because the number P ’ ’ | 9P P
ground-truth would be difcult to elab-

of active sources varies very often over time. In other words, . . .
) . M orate, precluding the direct evaluation of the short-term
spontaneous speech utterances'aporadi¢ and”concurrernit ; .
B X . . clustering approach. On the other hand, it is conceptually
events:' Sporadi¢ events are short, and interspersed with many . . .
simple to de ne a ground-truth in terms of speaker location

silences. Instantaneous location estimates (dots in Fig. 2) are . . . )
) : . ... and speech segmentation (respectively, azimuth locations
thus often unavailable, during silences and parts of speech with .
and time segments).

low energy.“Concurrent events are simultaneous: indeed, . .
In a previous work [38], [39], excellent speech segmentation
people often talk over each other [12], and very often some . :
: L . __performance was obtained, but speaker locations were assumed
background acoustic sources need to be eliminated (projec

s%itic, and known in advance. The present paper removes both
laptops).

Tracking sporadic and concurrent events may be articulairjlrsSumptions through short-term clustering [Fig. 2(b)]. It is im-
gsp ybep Srtant to bear in mind that there will be many more short-term

dif cult with classical ltering approaches, such as Kalmaclusters than speakers: one short-term cluster per speech

Itering [13], [14] and its extensions [1H]L7], and particle lgterance. Long-term speaker clustering [48R], where the

Itering [18], [19]. Although both have been successfully us . .
; . arget is only one cluster per speaker, is out of the scope of the
to locate and track a single acoustic source {f§], the . ; A .
sent article. For speaker clustering results with distant mi-

fast-changing speaker turns encountered in spontaneous milt: . .
L . . c[rophones only, based on short-term clustering, the reader is re-
party speech require either allowing a single-source model fo

switch between speakers [26], or specimultisource models ferred to [43].

[27]29]. Although patrticle Iters can model multiple sources. The res'f‘ of thls Paper 15 organized as foIIows._Segnon I
. ; 2 . : .~ introduces”maximume-likelihood short-term clustering in a
via multimodal distributions, deciding which modes are S|gn|fr—

) ) . ully generic manner, considering a variable number of sources
icant and which sources they belong to is an open anadif Y9 9

. : . . : and a variable number of simultaneous location estimates
issue [30]. Overall, while Itering approaches are interesting for, : e
. ) ero, one, or more). The proposed framework is probabilistic,
modalities where events are somewhat continuously observablé . )
. . . . reshold-free, does not require any random sampling. It
over relatively long durations of time (radar, video), complex

birth/death rules are needed when the number of active sour%%g handle an unknown, time-varying number of observable

. i . . -~ 'sources, without any explicit birth/death rule. Section Il
varies very often along time, and ddult data association : . L ) . .
dFscnbes online and ahe implementations. Section IV illus-

issues appear. Adding visual information, as in audiovisu rates the exibility of short-term clustering, by using it to detect

speaker tracking [3334], permits to circumvent these Issue?raé?ctory crossings in a threshold-free manner. Section V pro-

because each speaker can be continuously tracked using visu . . . o
. . . . 0ses an integrated multispeaker detection-localization system,
information, even while silent. However, the present paper . . ;

: . S : ased on short-term clustering. The integrated system is suc-
considers the case where only audio information is availablg;

. ) i essfully tested for detection-localization of multiple moving
With audio only, alternative approaches are thus needed to déd T . : .

. . speakers in highly dynamical recordings [11]. In addition, on
with sporadic and concurrent events.

. : the continuous tracking task, short-term clustering followed
This paper proposes to addrés$ort-term spatistemporal . - .
) : . . y Kalman Itering compares favorably to an existing particle
clustering; an intermediary task between instantaneous local

ization and continuous speaker tracking. The main contributiortinitial results were presented in the workshop paper [35].









