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ABSTRACT

A methodology is proposed to infer automatically
acoustic rules that could be used to predict natural spectral
transitions for speech synthesis. It adapts ATAL's "temporal
decomposition” technique /1/ to compute interpolation
functions from phonetically labelled acoustic targets.
Coarticulation effects are controlled quite adequately using
such a representation. With this methodology, rule-based
synthesis will be developped more efficiently for new
languages, dialects, speakers with better control of speaking
rate, style of speech ...

INTRODUCTION

The automatic generation of "natural” speech
from a phonetic transcription is a challenging task.
Two main approaches have been Proposed:
segmental and rule-based. The segmental approach
(using diphones, demi-s llables,gl lysons, ...) offers
an easy way to intelligible speech. But the segment
Inventory is speaker dependent and control of timing
is a non trivial task.The lack of naturalness could be
attributed to uneasy analytic control of speech
parameters. A rule-based approach is more flexible,

lves more insight on the perceptually relevant
eatures of speech, and could be more easily adapted
to new speakers. Control of prosody, style of speech,
is achieved quite naturally within a unified
framework. Unfortunately, this approach requires,
so far, a leng@hy and art oriented procedure using
visual and auditory hand-tuning of the rules.

Our goal is to provide a methodology to move
%{,adually rom segmental to rule-based approaches.
e propose a number of interactive tools usin
powerful signal and data apatlyms techniques to mode
spectral evolution, infer spectral targets
automatically, and generate adequate transitions

toward these targets.

SYNTHESIS and COARTICULATION

An acoustic synthesizer is usually controlled by
a set of parameters updated at regular time intervals.
The parameters are ‘either retrieved from memory
(speech restitution and segmental synthesis) or
computed from rules. We are concerned here with
smooth spectral evolution corresponding to
articulatory dynamics. As an working hypothesis,
articulatory and therefore spectral targets are
assumed. In this paper, coarticulation is referred to
as a phenomenon of target undershoot due to
contextual effects, speaking rate ...

TEMPORAL DECOMPOSITION

ATAL's technique /1/ decomposes speech into
phone-len%th temporal events which could be
interpreted as overlapping and interacting
articulatory fgestures /2,73, 4/. Evolution of a
sequence of m spectral vectors [y;j(n)] is
approximated as a linear combination of m events
represented by known functions @y (n) (interpolation
functions) with appropriate weights yik(targets):

yim) = g‘ Yik Pk ()

The functions @y (n) are constrained to be
compact in time: that is z€ro everywhere except on a
segment. The first step of the algorithm consists in
finding a good approximation for the localization
and the extent of the @-functions. Once a set {Dy ]}
has been found, the corresponding target vectors Yk

are computed by:

Iyk] = [yik] [Bg]t (D] [D) 1)t

which minimizes the reconstruction error according
to a least square criterion.

., Iterative refinement can then be performed’
until no significant improvement is obtained.

IX =0
e

Temporal decomposition of the speech segment /ede/.

@-functions can be linearly approximated and
normalized so that their sum be constant and equal to
unity. With this approximation, temporal
decomposition of a speech segment correspond to a
piece-wise linear trajectory in the parameter space.
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Fig. Il pYnhetic a vatios of Av and WV targets.
' Spectrogram of . g between log area ratios of typical
o N 400 speech segment /ui/ Typical transition between phonemes /u/ and /V 8 ;;,‘"*gg;u‘:;g;'*g,“; :;eq‘f,‘;',,‘?,',m'?;f, gg:t
@9 usually describe a highly coarticulated
e wn COARTICULATION hon}el: with unctiﬁrshoot ?f the corée.spondlng tgalrget.f
other cases, the extra function @ is a correction o
An analysis of temporal decomposition results the trajectory between targets 1 and 3. This is the
reveals the acoustic-phonetic st?flc.ture' of speechi fase foﬁ g ra;lpid front[-bacl[c m]mferr]lent é)f[] thc; tor}llgu}el:
uasi-stationary segments (fricative, nasa in such diphones as [ui], [wi], [iu], and [ju]), whic
gonsonant, vowe}ynucle%) are described with a single corresponcf to a "cross]mg formant" conf}guration
function. Transitions are usualg described with two /8/. The existence of an intermediate target renders
;)evqeurilr?grllnegx t?z;i;lllxlrllggggs Z/eissol::tiaﬁgcringv igla%zlrtéozn_s more accurately the spectral transition (see fig. II).
\ SEGMENTAL SYNTHESIS
\ I Synthesis can be achieved successfully b
" Targ 1 Targ 3 concatenatmlg stored segments . A set of suc
Targ 2 segments called "polysons™ is chosen in such a way
e o (@) that coarticulation effects accross boundaries are
FREQUENCY iz a minimized /9/. This is achieved by placing
boundaries on_spectrally stable sounds Svo_wels,
Klgatlv%s(,),orbasal clonsonants, occlliswndoff" p ci:swes%l.
. ) out 7000 "polysons’ were selected for Frenc
Fig.1 Synthetic spectrums associated to a linear trajectory @ : syni}_lem(s_. Siﬁmlf;‘%l?m im rovemlgnt 1)n_percif_ptuaal
between in di . quatty (ntelligibility and naturalness) is achieve
. © t 2 targets_, in dlfffefrenf spectral spaces: 4 with ’};).olysonsg synthesis as compared to diphone
ai: auto-regressive coe » Cl: cepstral coeff, Targ 3 synthesis. Unfortunately the number of these units is
Ai: area parameters, gi: log area ratios. an order of magnitudé larger than the number of
diphones.
: 2"
ff f Targ (b) 4 Temporal decomegs.iti(t)ln /clzbr/x be used to
We therefore investigated the effect o encode “polysons" very efficiently /10/.
interpolating spectral pargmeters for several Targ 2
SPECTRAL REPRESENTATIONS unlabelled ~ spectral representations: LPC > g1 RULE-BASED SYNTHESIS
) o L autoregressive coefficients (a;), cepstral coefficients g _

. A description of transitions is attemRted as a Cj), area parameters (A;), reflexion coefficients "Polysons" are being classified according to
linear combination of spectral parameters. number i), and log area ratios (g;) /6/. Targ 1 T2 T2 Targ3 the structure of their @-functions /10/. For instance
of spectral representations could be used for this . . . the temporal pattemns of all combinations of a v_owei
purpose /5/: Auto-regressive coefficients are inadequate 4 and an unvoiced fricative (/as/, /if/, fus/) are similar.

) ) the asspciate§ space is not linearly stable. gepstral (@) )
Formant frequencies, amplitudes, and coefficients are neither suitable since the mean of two The archetype of each group can be viewed as
bandwidths (F;, A;, BWj) are often used for speech vectors (c;) gives a spectrum which keeps the peaks a rule to synthesize "polysons” of that group. A
arameterisation, owing to their Bhﬁgncal meaning. of both original spectra. Area parameters seems "polyson” is therefore reduced to a @-pattern type
owever, they necessitate a labelling operation. more convenient, but the interpolated formant T | patterns (a) and (a') give different and a set of associated targets.

Moreover, a complex treatment must be performed trajectories are not quite linear. Reflexion emporal patte f the same trajectory (b)

In order to interpolate spectra with different number coefficients (k;) behave adequately with damped descriptions of the jectory (o). The edges of "polysons” are quasi-stationary
of formants. Poles Szi) and line spectrum pairs resonances. Log area ratios (gi)_are_the bes (a) is a best description oftheadua:amculatorvgeswfe segments, described with a single él normalized to
(LSPj) have the same drawbacks. Parameters we have found so far (see fig. I). p (undershot targer) unity. The concatenation of "polysons" is restricted

to those with matching targets on edges (much like
dominos).
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The (-pattern can be distorted by rules to take
care of variations in speaking rate, stress, emphasis...
Overlapping and smoothing of @-functions at
boundaries express the coarticulation effects accross
"polysons”.

CONCLUSIONS

Temporal decomposition using target spectra can
break the complex encoding of these segments. In
particular, coarticulation_effects are analyticaly
explained and modeled. It is demonstrated that these
new tools provide an adequate environment in our

search for better rules in acoustic speech synthesis.
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