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ABSTRACT

Harmont plus noise mdd (HNM) divides the speech
spectrum in two bands harmonic ad noise As most 6
the nonperiodic conponens ae removed n harmong
part it may be expected tiaHNM synthess is less
sugepible to additive noise m input sgech As HNM
analysis/synthesi is performd & each gl¢tal closure
instart (GCl), errors n edimation of GCls dfect the
qudity of the synthesized speechkffecs o the amant
of additive broadbad noie in input sgech and
perturbdion in GCk m the synthesized speech ljtya
with special referene b phonem ses in Indian
languags wee studied Synthess resits shav that for
SNR in the 210 dB range the quality ¢ synthested
speech § superio to tha of the inpd speech
Invegigatiors also show thiathe speech quity is vey
sendtive © postions d the GCls Perturbfons éowve
8 % severe} afect quality d the outpt speech.

Keywords: Speech SynthesjsGlattal Closue Instans
(GCls) Harmontc Plis Noise Mdel (HNM),
Electrogldtogram (EGG).

1. INTRODUCTION

Different gpproaches fospeech synthesican le broady
classified in two categorieswavefom ard modé based
Wavefom basd approach usepreecorded phrased
speech and playa subsetfahes phrass in a paticular
sequene fa generéing the desired speech outpthis
mettod provide high quéity and naturalnes, ba can k@
usel for limited vocabulay ard usudly only one voice.
Modd basel synthes gproach use a nodd of the
speech genetmn sud & aticulatory, soucefilter, or
acousic, ard a set b parametersIn aticulatoly ard
sourcefilter approachesthe extractio of parametes is
very difficult and time consumig. A vey flexible
acousic modd for speech synthesi is basé on
sinusoidd modding of speech — the wavefom is
representg as sunmaion o a finite numbe of sinusoids
with arbtrary amgpitudes frequencies, ah phase [1].
Harmont plus noise mdd (HNM), a variah of
sinusoidd model requires sméler numbe of paramegrs
ard is computionally dficient [2]. Time ard frequeng
scaling i also reldvely easy
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HNM divides the spectrm of the speech in tw sib
bands ore is nodelal with harmonis d the fundamenta
ard the other $ simulatd ushg random noiseThe
frequency which patitions the speech gtrum in theg
two bandsis known as maximum voiced frequeng (F.)
ard varies from frame 0 frame In natur& speech the
noise pat is contributel by nonperiodic conponens &
fricative a aspirdion noie am perial-to-period
varidgion of the glatal excitation etc. A most éthe non
periodic conponens from the speech a& removed n
harmont part it may be expected thasynthesis frm
harmonc pat is less suscejple to noie mixed n the
input speech Ou earler invegigatiors [3] have showm
that all the sylables in Indian languageexep /ala/ ard
/asal can ke synthesized ith perceptually acceptabl
qudity using only the harmonic part

In HNM synthesisthe analysis/synthesiis performd a
each gld&tal closure instamh (GCl) [2], and herce it is a
pitch synchronousechnique This is wdl suited for high
qudity speech output [4] bu we need to désnate tle
glottal closule instant (GCIs) precisely GCls mg be
directly esimated from the speech signair they may ke
edimated ushg the jtch informaion. Errors h pitch
values deped on the etimation methods [5],[6] Pitch
perturbdion is the cycleto-cycle variallity of the ptch
or fundamentiafrequency It is a measuremérf how a
given pitch vale differs from the one o severd pitch
values tha immediatey prece& a follow it [7]. Naturad
speech ha a certai amount & perturbdion o jitter. But
errors n calculation of pitch al® lead to perturligon in
the gtch contour Perturbdon in the pitch lead ©
perturbdions in the GCls If the speechs analyed an
synthested usng theg GCls the quality ¢ the
synthested speectsidfected

We invedigated the effect ¢ the amaint o additive
broadbard noie in speech and perturlian in GCIs m
the synthesized speech djtya that is perceptually
acceptable, nivegigatiors ae carriel ou with special
refererce b phonere ses in Hind and sone other India
languages The® phoneme set hae five places D
articulation for stops Aspirdion is a disinguishing
featue for stops ard thee are on} unvoiced fricatives
[8]. GCIs ae obtained by praessng the speech sigha
using Childes amd Hus algoithm [9] and from the



7th World Multiconference on Systemics, Cybernetics and Informatics (SCI 2003), Orlando, USA, July 27-30, 2003

electroglottogram (EGG) signal obtained using an
impedance glottograph [10],[11].
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Fig. 1. Analysis/synthesi schememodified from [3].

2. HARMONIC PLUSNOISE MODEL

In HNM base synthesisthe speech sighés assume to
be conposel of two parts harmonic ad noise
s(t) =s'(t) +n'(t) 1)
The harmonic pdr accaints for the quasiperiodic
componens d the speech sighavhile the noise paris
reponsibe for nonperiodic conponents fricative o
aspirdion noise perbd-to-period varidion of the glatal
exdtation, etc. Tte frequency sepating the two bandss
called maximum voiced frequeng F, [2].
In the lower bandthe sgnd is represent only by
harmoncally relatel sire waves \th slowly varying
amgitudes ard frequencies

L@) . 5
s(t)=Re Y a(t)exp{j[fylwo(o)do +6;]} 2
1=0

SPEECH

where g (t) and 6(t) are the amplitude and phase at time t
of the Ith harmonic, ar, is fundamental frequency and L(t)
is the time-varying number of harmonics included in the
harmonic part. In the upper band, the signal is represented
as noise n'(t), modeled as a white Guassian noise b(t)
filtered by a time-varying all-pole normalized filter h(;t)
and amplitude modulated by an envelope function w(t)

n'(t) = w(t)[h(z;t)* b(t)] ©)
The analysis/synthesis scheme is shown in Fig. 1. Input
speech is analyzed on frame-by-frame basis for
calculation of maximum voiced frequency F and the
other parameters such as voiced/unvoiced, glottal closure
instants, pitch, amplitudes and phases of harmonics of
fundamenta frequency (pitch), and parameters of noise
part. These parameters may be modified and output is
generated using HNM synthesis.

Analysis scheme is shown in Fig. 2. Speech signa is
applied to the voicing detector, which declares the frames
either voiced or unvoiced. As the analysis and synthesis
in HNM is pitch-synchronous, it is necessary to estimate
glottal closure instants (GCls) precisely. For each voiced
frame the maximum voiced frequency (F,) is calculated.
The analysis frame is taken twice the local pitch period.
This voiced frame of the speech is analyzed at each GClI
for calculating amplitudes and phases of all the pitch
harmonics up to F,
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Fig. 2. Analysis of speech using HNM, modified from [3].
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Fig. 3. Synthesis of speech using HNM, modified from [3].

For calculating the noise parameters, the synthesized
voice part of speech is obtained using Eq. (2) and noise
part is obtained by subtracting this from the original
speech. Noise part is analyzed for obtaining LPC
coefficients and energy envelope. The length of the
analysis window for noise part is taken as two local pitch
periods for both voiced and unvoiced frames. For voiced
frames the local pitch is the pitch of the frame itself. For
unvoiced frames the pitch of the last voiced frame is
taken.

Synthesis scheme is shown in Fig. 3. As the anaysis
parameters were obtained on frame-by-frame basis, they
are interpolated before synthesis for obtaining the
parameters values at each sample. Linear interpolation
was used for this purpose. Phase unwrapping is carried
out before interpolation of the phase values. Adding the
synthesized harmonic and synthesized noise part gives
the synthesized speech. It is to be noted that the harmonic
synthesis is used in the analysis of the speech for
obtaining the noise part as shown in Fig. 2.

Voicing detector is implemented using the agorithm
proposed by Childers [12] and GCls are estimated using
Childers and Hu' s agorithm [9],[12]. We have used
electroglottogram (EGG) waveform from an impedance
glottograph [10],[11] as a source for precise estimation of
GCls. The input of the GCI detector in Fig. 2 is either
speech signal or EGG waveform.

3.METHODOLOGY

Speech segments corresponding to vowels and vowel-
consonant-vowel in Hindi were recorded to be used as
input for HNM based analysis/synthesis. The recording
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was done using B & K 4176 microphone connected to
precision sound level meter B & K 2235 and its AC
output was amplified and given to one channel of the
line-in input of PC sound card. The second channel of the
line-in was used for recording EGG waveform from an
impedance glottograph. The recording was done in an
acoustically treated room at a sampling rate of 10 k
samples/s and 16 bit quantization. Speech from both male
and femal e speakers was recorded.

GCls
)

LOCAL PITCH
CALCULATION

PERTURBED
(::}—-Gch

|

RANDOH NUKMBER
GENERATOR

2

RELATIVE PERTURBATION
Fig. 4. Calculation of perturbed GCls.

To study the effect of broadband noise in the input speech
on the quality of the synthesized speech, broadband noise
was added to each syllable at different SNRs. SNR value
was maintained on the basis of signal and noise power
over a pitch period. These were used for synthesis using
HNM to study the limit of susceptibility of HNM for
different syllables.

The scheme shown in Fig. 4 was used for introducing
perturbations in GCls. A random number, from a
sequence with norma distribution in the range [-1, +1],
multiplied by the loca pitch and amount of desired
relative perturbation is added to the GCI location.
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Thus each GCI is disturbed by an amount determined by
a random number, local pitch, and relative perturbation.
Harmonic synthesis block used in the calculation of noise
parameters in Fig. 2 operated on the perturbed GCls as
input, in order to properly simulate the effect of random
errors in the estimation of GCls. The parameters of the
noise part thus obtained along with those of the harmonic
part are used for synthesis using the schematic of Fig. 3.

4. RESULTS

For SNRs higher than 10 dB, the noise added speech and
the corresponding synthesized speech were fully
intelligible and they were amost indistinguishable in
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Fig. 9. Vowel /a/ spoken by a male speaker, GCls from
EGG waveform.

quality. For SNR in the 2-10 dB range, all the syllablesin
both the types of speech remained fully intelligible. The
quality of the synthesized speech was superior to that of
the corresponding noise added speech. Intelligibility of
both types of speech degraded for SNRs lower than 2 dB
and the synthesized speech did not exhibit any
improvement in intelligibility or quality as compared to
the noise added speech.

It was observed that all the synthesized syllables, were
perceived correctly, even if synthesized from only the
harmonic part, except for /ale/ and /asa/. These two
unvoiced fricative syllables when synthesized with
harmonic part only were perceived as /ata/. If the noise
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pat was adel to tke harmonic partthey saunded
natural Fig. 5 show the speech waveforsn ad
spectrogram for speech vith added broadbad noie ard
corepondng spech synthezed usng boh the
harmont ard noie parts Spectrograms also show th
redudion of noise in the synthesized Kkgbles.

It may be inferrel tha in 2210 dB range the additie
noise doe nd affect the calculatio of parametes o the
harmonc part ard it gets almost rected dumg
synthesis ard herte the synthesized outpis enhanced
in qudity. Belov SNR of 2 dB, the parameter  HNM
are nd corectly calculated and hea the synthesized
output is nd enhanced.

For invegdigating the effect b GCl perturbdion, GCls

were obtaind from the EGG wavefom ard speech
signal Using the scheme showin Fig. 4 perturb&on in

0 % © 20 % d the local pitth was introduced Fig. 6 aml

7 show exampke of pitch contous for different

perturbdions. Spectrogrars d the vowel &/ spoken by a
male speaker synthesied wth differet amant o

perturbgions are show in Fig. 8 and 9 for # two

mettods d GCI edimation.

When the GC$ wee esimated from the speech sigha
ard analysis/synthesi was performg with GCl
perturbdéion varying fran O to 4 % the outpd speech
qudity was nd affected mub as confirmel with listening
tests Although sgectrogrars shav sone noise at 4 %
perturbdion, the outpt speech is peceptually
sdisfactory When the perturbatio was furthe increased
from 5 to 8 % the speech quity started deterioréing and
after 8 % it was severel afected & seen in Fig. 8d.
The® limits far perturbéion were approximatel the
sarre for mde ard femak speakers.

When the GC$ wee obtaind from EGG waveform the

speech quity was slightly beter. For example the

speech remaing acceptald for perturbdion up to 6 %
We see that #h spectrogramfar synthesied speech ith

GCls fron EGG in Fig. 9 show lss disturbace as
compare to thog with GClIs obtaind from the speech
signd itself in Fig. 8.

5. CONCLUSIONS

Invegigatiors showe tha for SNR in the 210 dB range
the quality ¢ synthested speech veasuperio to tha of
the speech iRed with noise indicating tha additive
noiee dd not dfect the egimation of parametes d the
harmont part

Experimens with the ptch synchronous synthesisf o
vowels with different amaint o perturbdions in GCls
showal tha perturbatios beyown 4 % resit in qudity
degrad#on. Herce precise determinatiodf GCls is
necessar for high qudity synthess o speech ard a
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simutaneos recordng o EGG wavefom from a
impedarce gldtogragh can le used for ths pupose.
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