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Problem Validation of Approach The Fundamental Frequency Variation Spectrum Acoustic Model

Current state-of-the-art conversational spoken dialogue systems Question: Are the observed , automatically labeled SC events . Use entire spectrum to quantify variation in FO Hidden Markov model for each of SC and —SC:
are not sufficiently responsive. They produce speech at detected

actually deemed appropriate by human judges? sample spectrum at two locations in each frame: —Tg and +T > 4 states
end-of-utterance (EOU) locations; EOU detection consists of A 0 vsis sh hat for th t part _ ’ reIatR/e topmid oint of frame 0 Tl » 1 Gaussian per state
waiting for 12 seconds . nswer: Our analysis shows that, for the most part, yes: p

» trained on DEVSET using the Forward-Backward
Goal | B o sC e et L L IGL Algorithm

=se ] | | " » classify EOTs using log-likelihood comparison
Faster prediction (0.3 s) of end-of-utterance (EOU) locations.

L= Hamming
Approach

Experimental Results

» define the vanishing-point product
Caveats:

Binary classification of each end-of-talkspurt (EOT) location in a

_ _ » Many more opportunities for f to begin speaking
human-human dialogue as either

are deemed appropriate than are actually made R o)
» a speaker change, SC; or as use of by f: SC prediction inherently leads to many Fdwa—\ToL ~_
» ot a speaker change, =SC false alarms.

. . . . . » Some opportunities taken by f to begin speakin
using a prosodic description of 500 ms of audio preceeding are deerF:]ped inappropriate: éC predigtionl?nhere%tly
the EOT. '

leads to some misses .

» Both aspects are due to uncertainty in highly
Interactive human-human dialogue.
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Three contrastive systems: ~ define the conformal mapping false posiive ate (FPR)

speaker f » human appropriateness system : declare each

EOT as an SC if summed Likert scores from 3 ( :
- - - human judges exceed a fixed threshold = 0 Conclusions
Reference labels are given by the automatic assignment Judg | P =
» pause-only system : declare each EOT as an SC if o | |
ost-EOT pause duration exceeds a fixed threshold » derivation of a continuous vector-valued representation of
SCif T =T, <O P P 4 transform o™ 1 . 10!
AN TgN > rule-based FO system : declare each EOT as an and transform g* (7) to yie Instantaneous H0 variation
SC if FO slope and range features meat a2
hand-crafted criteria TSR (F)FS (2TPf) df, p< O
g” (p) = _|_ffs//22 R
J 72 Fu (27Pf)FE (f) df, p>0 » fully automatic labeling framework allows for inexpensive training
0_4'8 with large amounts of data

- AGGRESSIVE 7

o N | | » define the linear interpolation

—SC, otherwise

» representation is compatible with standard acoustic modeling
technigues

Swedish Map Task Corpus:

» models successfully discard inappropriate locations to speak, In

» two speakers: a giver, g, and a follower, f spite of label mismatch

» task: g explains directions to f
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» New system outperforms pause-only systems

true positive rate (TPR)

Data Set | Duration Dialogue role g N 4 RN SR C S SO SR
(mn:ss) | speakers # EOTs 2,05

—O— appropriateness

DEVSET | 77:40 |F4,F5M2M3 480 - . 4 pauseonly | » sample g” (p) at discrete locations to yield
: ' ) y NONAGRESSIVE | : : : ‘ ‘

® baseline, cf. [5]

EVALSET| 60:39 F1,F2,F3,M1 317 | . . ‘ * * | =< random
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» highly interactive dialogues Z|<=—N/2+1 FLIKTTIFR (2+ "/ k) , 1 <0

» DEVSET and EVALSET are disjoint in speakers

where 8 = | [2+PK] — 2%PK | » new system reproduces baseline hand-crafted pitch-based
system performance to within 1%, without relying on pitch range

Some Desirable Properties of a Prosodic Reprentation » normalize for energy-indepenendence, and apply filterbank

Would like a frame-level representation of FO variation which is: 03

» Instantaneous : not relying on adjacent frames
» continuous : defined for all time

» distributed : not relying on single harmonic peak
location

» Sparse : suitable for application of standard
acoustic modeling techniques

» apply Karhunen-Loéve whitening transform
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