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. ABSTRACT

A high quality speech synthesis method based on
interpolating the voiced/unvoiced (V/UV) mixture
functions [1] of the multiband excitation model (MBE)
[2,3] is proposed. In MBE model, each harmonic band
of fundamental frequency in an excitation spectrum is
rigidly declared as either voiced or unvoiced while it
should be a mixture of two. In the proposed method,
each harmonic band in a short time spectrum is
synthesized by mixing both voiced and unvoiced
energies. The ratio of the V/UV energy in a spectrum is
determined by the V/UV mixture function which is
subsequently parametized by an all-zero model.
Smooth transition of excitation between phonetic units
can be achieved by linearly interpolating the V/UV
mixture functions of adjacent frames.

1. INTRODUCTION

MBE model is a speech production model developed by
Griffin [2]. The parameters for a short time spectrum are
spectral amplitude of each harmonic band, pitch value
and a set of V/UV decisions for the spectrum. Each
harmonic band of fundamental frequency is individually
declared as voiced or unvoiced. Due to the improved
V/UV excitation, MBE can produce high quality speech.
One of the limitations of MBE model is that.it is
incapable of synthesizing harmonic band containing
both voiced and unvoiced energies since the model only
declares a harmonic band as either voiced or unvoiced.
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Fig.1 Original and MBE synthetic spectrum

Fig.1- shows a speech spectrum overlayed with the
synthetic spectrum produced by MBE model. The
harmonic band in the high frequency region of the
original spectrum contains both voiced and unvoiced

EUROSPEECH ’95, Madrid, Spain, September 1995

energies. Obviously, MBE model cannot model this
situation.

In order to solve this problem, we developed a new
synthesis technique in which each harmonic band in the
excitation spectrum can contain both voiced and
unvoiced energies. In this method, we define a V/UV
mixture. function for a short time speech spectrum to
indicate the degree of V/UV mixture as a function of
frequency. By making use of this V/UV mixture
function, we can determine the ratio of the V/UV
energies in each harmonic band. By mixing right
portions of voiced and noise-like energies into a
harmonic band, a harmonic band with both kinds of
energy can be synthesized.

Smooth transition of excitation between phonetic units
can be achieved by linearly interpolating the V/UV
mixture functions of adjacent frames.

2. THE V/UV MIXTURE FUNCTION

In order to generate the V/UV mixture function, we
firstly determine the degree of V/UV mixture of each
harmonic band in a spectrum. The degree of V/UV
mixture is represented by the V/UV error defined in the
MBE analysis. However, the V/UV error is not linearly
proportional to the degree of V/UV mlxture a
linearization function is added to the error.

In the original MBE analysis, the V/UV error of each
harmonic band is defined as
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where 1/(1-M,,B) is an unbiasing factor, S(w) is the
input speech spectrum, E(o) is the excitation spectrum
obtained by assuming all the harmonic bands are voiced,
Ay, is the band magnitude, B is a constant found out by
experiments and M,, is the total number of harmonic
bands. The interval [a,,,b,,] is the interval of the mth
harmonic of the pitch frequency.

If the unbiasing factor is absent, the error will be smaller
for longer pitch periods because the spectral envelope is
sampled more densely for longer pitch periods [2].
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However, the unbiasing factor is a non-linear function
with respect to pitch period and it causes the value of the
V/UV error of an individual band, &,, not linearly
proportional to the degree of V/UV mixture of the
harmonic band. Since the V/UV error is used to generate
the mixture function non-linearity in the error ‘will bias
the function so that it cannot represent the degree of
V/UV mixture correctly. The error is then necessary to
be linearized. »

One method to linearize the V/UV error is to multiply
the error with a non-linear function. In the original MBE
analysis, there is a V/UV threshold, T,,,, used for
determining V/UV classification. It is observed that the
non-linearity for the error greater than 7,,,, i.e.
unvoiced case, and the error smaller than the T7,,,, i.e.
voiced case, are different. In the unvoiced case, the
V/UV error is found exponeuntially proportional to the
degree of V/UV mixture. However, in the voiced case,
the V/UV error is quite linearly proportional to the
degree of V/UV mixture. The linearized V/UV error is
then defined as '

voiced
@

unvoiced

T\‘mv - F;I(Tvuv _gm)’ ém < Tvuv
: (pm = . .
Y:Iuv + F (EJm - 7:)1411 )’ gm > 7:mv

uy

where F,, is a scaling factor, F,, is a non-linear
function. It is found F,,=l/Exp((&,,-Ty)2) and
F,=1.1 work well in practice. Fig.2 shows the V/UV
error function, &(w), and the linearized V/UV error
function, @(w), for a short time spectrum. The V/UV
error function is defined as £(0) = &, for a,, < ® < by,
and the linearized V/UV error function is defined as
(@) = @, for a,, < © < b, The V/UV threshold
value, 7)., used is 0.35.
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Fig.2 The V/UV error function, £(w),and the linearized V/UV
error function, @(®), for a short time spectrum.

The V/UV mixture function, o), is parametized by an
all-zero function. It is defined as

on(co)zZa,.-coi 3)
=0

where a; {i=0,1,...,n} are the coefficients of the mixture
function and n is 20. The coefficient of the mixture
function is found by minimizing the squared.difference,
5(m), between the linearized V/UV error function and
the V/UV mixture function with respect to a; The
squared difference, 5(w) is defined as :
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3. INTERPOLATION OF V/UV MIXTURE
FUNCTIONS ’
In order to have smooth transition of excitation between
frames, the V/UV mixture functions of adjacent frames
should be interpolated. N
Fig. 3 shows the evolution of the V/UV mixture function
in the word "piano" spoken by a male speaker.

Fig. 3(5) Evolution of V/UV mixture fun
“piano”

-Fig. 3(b) Spectrogram of the word "piano"

It is observed that mixture functions evolve smoothly
especially in the high energy region. We found that
linearly interpolating the V/UV mixture functions of
adjacent frames is adequate to make the transition
smooth. ) o

Fig.4(a)-(d) show the V/UV mixture functions at the

“boundaries of phonemes in the word "piano".
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Fig.4 Evolution of V/UV mixture functions at boundaries of
phonemes in the word "piano".

The V/UV mixture function in the transition period of
the phonemes is overlayed with a V/UV mixture
function’ generated by linear interpolating the mixture
functions at the boundaries of the phonemes. It is shown
that the interpolating V/UV mixture functions can
follow the real mixture functions in the transition period.

» 4. SYNTHESIS
As stated earlier, the V/UV mixture function indicates
the degree of V/UV mixture among the short time
spectrum. It is then possible to generate the voiced and
noise-like energies for the whole spectrum separately.
The noise-like energy of the spectrum is synthesized in
the frequency domain. We firstly transform and
normalize the windowed white noise sequence into
frequency domain. The normalized noise energy is then
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multiplied by the product of the envelope sampies, A,
and the averaged value of V/UV mixture function at the
interval, o ,, which is defined as

_ 1
o, = Y (o) ®

m D 0=a),

The voiced energy of the spectrum is synthesized in the .

time domain by summing up the outputs of oscillators
oscillating at the harmonic frequencies. The magnitudes
of sine waves generated from the oscillators are set equal

" to the product of the envelope samples, 4,,, and one
minus the averaged value of V/UV mixture function at’

the interval, i.e. 1 — o ;.
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Fig.5 The voiced and noise-like energies of a speech spectrum

Fig.5 shows the voiced and noised-like spectra of a
speech spectrum. The synthetic spectrum can be
obtained by combining these two energies.

5 SIMULATION RESULTS
Fig.6(a) and (b) show the synthetic spectra synthesized
by the proposed method and MBE model overlayed with
the original spéctrum.

5

0 i__ |-

Magnitude (dB)
&
1

Frequency (kHz)

——- Original —— Proposed Method
(@)

Magnitude (d8)

Frequency (kHz)

—-MBE

——— Original
(b
Fig.6(a) Synthetic spectrum synthesized by the proposed
method, (b) Synthetic spectrum synthesized by MBE.
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The simulation result shows that the synthetic spectrum
produced using MBE model is incapable of synthesizing
both voiced and noise-like energies in each harmonic
band especially in the high frequency region while the
synthetic spectrum produced by the proposed method
matches the original spectrum very well.

Fig.7(a), (b) and (¢) show the spéctrograms of the
original speech and the synthetic spectra synthesized by
MBE model and the proposed method respectively.

Fig.7(b) Synthetic speech by conventional MBE model

Fi.7(c) y etic speech by the proposed méthod

We have also applied the proposed technique to
synthesize single words by joining phonpetic units
together. Fig.8 shows the spectrogram of the word
"piano™ (/p/ /y/ fae/ /n/ Jow/) synthesized using the
proposed method. The V/UV mixture functions are
linearly interpolated at the transition state of the
phonemes.
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Fig.8(a) Evolution of V/UV mixture function in the word
"pianOH

‘Fig.8(b) Spectrgram of the word 'biano'f ('p/ Iy lae/ I/ fow/)

It is shown clearly that the evolution of the V/UV
mixture function in the synthetic spectrum is smooth and
the evolution is quite matched to the natural speech
shown in Fig.3.

6. CONCLUSION

In this paper, we presented a method which is capable to
synthesize speech with each harmonic band in a short
time spectrum containing both voiced and unvoiced
energies. The ratio of the V/UV energy in a spectrum is
determined by the V/UV mixture function.

The method is capable to concatenate the V/UV
information of phenetic units.
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