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ABSTRACT systems, namely this feature does not need any correctidi of
errors. This FRF is expressed as a time-frequency function of
This paper describes a method of utilizing af, “Reliability Fy likelihood. The frequency that gives maximum Iik_elihood is
Field” (FRF), which we have proposed in our previous work, fo’0t always a reaky value, but an advantage of FRF is that the
estimating prosodic commands &b contour generation model. frequency thatis equivalent to the réal value always gives high
This FRF is the time-frequency representationoflikelinood, ~ Fo reliability.
and an advantage of FRF is that it is not necessary to conBider |, o previous paper, FRF has been applied to an automatic de-
errors_ t.hat occur during an automafig determination. There- tection system of accent phrase boundaries, which is based on the
fore, it is thought that FRF can be a more useful feature for aug, contour matching technique, and the validity of FRF has been
tomatic prosody analyse_s_th&?@ contour, and our p_rewous pa—_ confirmed. Besides our FRF, some similar features, which are
per has reported the validity of FRF on the analysis of detecting,qeq on a kind of? reliability function, have been proposed.
!oros_odlc boundaries in Jap_anese cont_ln_uous speech. I\/_Ioreow&_e(g,r example, “periodicity diagram”[2] is the time-frequency rep-
in this paper, we have examlngq the validity on the_prosodlc COMasentation offy, and it has been reported that this representa-
mand estimation of superpositional mod_el. I.Exper_lmental _result(;i)n is useful for determining an accurak value. In addition,
shovy t-hat the accuracy of command estlmatlor_l W'th FRF 'S_Welk/oicograms“[S] method of speech periodicity representation has
and it is close to the accuracy of command estimation with |deffHeen used for ensuring the practical correctness astimation.
Fo contour that has nép error. Moreover, in this paper, we have applied our FRF to the prosodic
command estimation of th&, contour generation model[4].

1. INTRODUCTION
2. FO RELIABILITY FIELD

Prosody of speech is an important information for speech under-
standing. It is well known that high quality speech synthesis can
be achieved by incorporating accurate prosodic model, and it e Fy reliability field is a temporal sequence &% reliabil-

also expected that the prosody will be a useful information foity function, which represents a likelihood of fundamental fre-
high performed speech recognition. In particular, a fundamerguency at each time frame. Thig reliability function is based

tal frequency £b) is widely used for prosody analyses, such an a short-time autocorrelation function of speech wave, and the
prosodic phrase segmentation, prosodic structure estimation apbcess of FRF analysis is quite similar to thg determining

the superpositional modeling of prosodic command, and the aprocess. The outline is shown in Figure.1.

curacy of these prosody analyses sometimes depends on the accu- . ) ) .

racy of F, extraction. There is a long history of development ofThe gxtractlon algorlthm. 1S pased on.the Iag-wmdow method[S]
Fo analysis, and various, determination algorithms and their that is one ofFy determination algorithms. In this method, a
improved method have been proposed, but it may be said th%'lm!1 structure can be separated fr.om_ .the power speptrum. The
there is no technique that is superior in every aspect to othefiesirable smoothed function &t reliability can be obtained by

Therefore, we have to choose the most suitdbleletermination  "corporating a narrow spectrum band filter on this pitch struc-
algorithm corresponding to each prosody analysis system.  (Uré. Here we use Hanning window as a window function on the
frequency domain. Thig, reliability function is analyzed per

For example Fy determination error has a bad influence on theeach time frame, and FRF is represented as its temporal sequence
system that employs the technique of pattern matching betweshown in the bottom of Figure.1, in which time is passed from the
the observed, contour and the approximatdd contour thatthe front to the back and horizontal axis has been converted into the
system constructs. This is because the distortion becomes lailggarithmic frequency domain from the time domain. It can be
as the number of} error increases. Therefore, it is necessangeen that harmonic contour & reliability peaks, which means

to correctF; errors and this is one of laborious postprocessindpalf pitch contour or double pitch contour, lies in a fixed interval
task in any automatié, determination. So we have proposed theof In 2. Furthermore, as the number of sampling point on fre-
“Fy Reliability Field” (FRF)[1] as a desirable feature for thosequency domain is finite in thigy analysis, thefy reliability of



M and the closeness of the approximation is measured by the mean
power spectrum  — squared error of constructdd contour. On the other hand, us-
0 6000 (Hz) ing FRF as the observed feature, the optimization carried out by

% maximizing the meart reliability.
smoothed power spectrum

The Fujisaki’'s model is given by following equation:
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where Gp(t) represents the impulse response function of the
phrase control mechanism a6, (¢) represents the step response
function of the accent control mechanism. The symbols in these
equations indicate

é Fb  : base value of fundamental frequency,
o I : number of phrase commands,

£ J : number of accent commands,

|_

Ap; : magnitude of théth phrase command,

Aaj; :amplitude of thejth accent command,

: timing of theith phrase command,

. onset of thejth accent command,

: end of thejth accent command,

: natural frequency of the phrase control mechanism,
: natural frequency of the accent control mechanism,
: relative ceiling level of accent components.
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Here, a set of parameters, which we want to estimate, is defined

Figure. 1. A process offj reliability analysis. as

A:()‘17>\27"'7)‘N)7 (4)

and each\,, is corresponding to some ofp;, Aa;, Toi, T1j,

arbitrary frequency is determined by using Lagrange interpolal2i: @nd sometime#’d. The parameten and 3 are assumed to
tion, i.e., by interpolatingV samples ofF, reliability near the be cor_15tant within an utterance_, whilés set equal to 0.9. Then,
frequency which we want to obtain. In the following section, weEduation (1) can be replaced with
express this FRF as a functiéifz, p) with timet and logarithmic F(A 1) = In Fo(t) (5)
frequencyp.

and reliability R of this Fy contour becomes

3. ESTIMATION OF PROSODIC Ba =D St f(00) ©

COMMANDS ON FO CONTOUR by referring toFy reliability field S(t,p). If the reliability Ra

GENERATION MODEL is not high enough, we have to modify the set/ofo raise the
reliability. The modification value ok, is defined as

Fy contour generation model which we used in this paper is pro- f (A1)

posed by Fujisaki[4] and prosodic commands on this model can Adn = gz WAS(L 1@, 6, %

be estimated by Analysis-by-Synthesis (A-b-S) procedure, i.e., ¢

by constructing the best approximation to an obseigteature where g is a step gain, and we use a gradient vector of
and by examining the closeness of the approximation. A convers(t, f(A,t)) asAS(¢t, f(A,t)). The definition of gradient vec-
tional method employs afy contour as the observdd feature, tor (v, v,) is described in our reference [1] and we wgdor the
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(c) Command estimation result witky, reliability field.

Figure. 2. Examples of estimated prosodic commands. Arrows show the magnitude and the timing of phrase commands.
Rectangles show the amplitude and the timing of the accent commands. A solid line in each figure represents an approx-
imation of I, contour that is constructed ki, contour generation model. In Fig.(a) and Fig.(b), obsedgdalues

are plotted with vertical lines, but in Fig.(a}p determination errors are corrected afigdvalues on unvoiced frames

are removed by hand operation. In Fig.(E), reliability is expressed as a density of gray-scaled color. The content of
utterance is arayuru geNjitsuwo subete jibuNnohouhe nejimagetahodaapanese.

modification, namely it is defined as Out of them, 50 sentences (A group) uttered by 1 male speaker
(MHT) are used for the prosodic command estimation. A set of
S(to, po) Z Z (ts.p5) ( (ti,pj) — S(ti,po)) prosodic command parar_nt_at_ers that we would estimafeljs,
’ My ’ Dj — Do ’ Aaj, Toi, Thj, To;}, and initial values of those parameters are
J#0 given by Hirai's technique[6], in which_JoBI (Japanese Tone
(8) and Break Indices) labels are used. The other parameters are fixed

_ o . ) . and those values afa F'v = 4.1, « = 3.0, 8 = 20.0, and
wherew(¢;,t;) is a weighting function. Finally, we can obtain 0=09

the optimized parameter set by iterative computation of the above

modification, when an increase B} reliability Ra becomes less As a comparative experiment, we examine a conventional esti-

than some threshold. mation method, in which the observd@ contour and an op-
timization criterion of least squared error are used. The ob-
servedFy contour is determined automatically as a temporal se-

4. EVALUATION guence of frequency which gives maximury reliability at each
time framet, namely a sequence pf = argmax, S(t,p). If
4.1. Experimental conditions the Fy reliability of p; becomes lower than a threshold i.e.,

max, S(t,p) < k, itis regarded that there is g value at that

time ¢. Furthermore, we have prepared idéal contours to ob-

Speech database used in this evaluation is the ATR’s contlnuotljﬁn desirable prosodic commands. Here, idgatontour means
speech database of phoneme balanced 503 Japanese sentences.



Error' Scoré But, as a problem of command estimation using FRF, it is pointed
Initial set | 0.0401 0.089 out that an establishment of initial parameter value becomes much
F, contour stricter. This is because the number of local maxima reliability
(= = 0.0) 0.0624 0.078 score is increased by harmonic peaks of FRF. Therefore, it may
' ' ' be desirable to use those prosodic features properly in case by
(r=0.1) 0.0618 0.080 case, for example, to estimate roughly by usingfheontour at
E“ = 8;; 88?38 8;;‘11 first step, and to optimize by using the FRF at second step.
KR = U. . .
(k =0.4) 0.0164 0.476
(5 = 0.5) 0.0212 0.423 5. CONCLUSION
(ideal) 0.0097 0.437
T, reliability field We have described that prosodic feature expressionHikeeli-
0.0209 | 0.542 ability field is more suitable for prosody analyses thancon-
: : tour. The validity is shown in both analyses of detecting prosodic

() compared with ideaky contour

a=v S boundaries in previous paper and command estimatidf cbn-
(1) Fp reliability / max Fy reliability

tour generation model in this report. In future works, we would

. ) N apply FRF for the other prosodic information analyses.
Table. 1: The approximation error and thig, reliability

score.
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