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Abstract

The objective of this work is to propose a fast method for
prosody modification using the instants of significant excita-
tion. The proposed method is significantly faster than the ex-
isting method based on finding the instants using group-delay
and using the LP residual for incorporating the desired prosody
features. This is achieved by (i) using the zero frequency filter-
ing (ZFF) method for finding the instants of significant excita-
tion instead of group-delay, and (ii) direct manipulation of the
speech waveform rather than the Linear Prediction (LP) resid-
ual. Subjective studies indicate that the modified speech isof
good quality with minimum distortion.
Index Terms: prosody modification, instants of significant ex-
citation, zero frequency filtering, waveform modification

1. Introduction
The objective of prosody modification is to incorporate the de-
sired prosody features by changing the pitch and duration ofan
utterance [1]. Such a process is useful in text-to-speech synthe-
sis, voice conversion, expressive speech synthesis and speech
rate modification [2, 3]. The two important factors in a prosody
modification method are speed and perceptual quality. Fewer
computations can help achieve fast prosody modification. Since
speech is modified in a non-linear fashion, either in the timedo-
main or in the frequency domain, perceptual distortion is inher-
ent in the modified signal. But the perceptual distortion should
be minimum while preserving the modified prosody features for
perception. A method for prosody modification using the in-
stants of significant excitation was proposed in [3]. The instants
of significant excitation correspond to the instants aroundthe
glottal closures and the glottal openings in the case of voiced
speech, and burst and frication in the case of unvoiced speech
[4]. The present work focuses on improving the computation
speed of prosody modification using the instants of significant
excitation.

There are several methods in the literature for prosody mod-
ification [5]. These methods may be broadly grouped into time
domain and frequency domain methods. Methods for prosody
modification using the instants of significant excitation operate
in the time domain, and hence the related time domain methods
are briefly reviewed. Approaches like overlap and add (OLA),
synchronous overlap and add (SOLA) and pitch synchronous
overlap and add (PSOLA) operate directly on the speech signal
waveform. OLA and SOLA approaches are limited to time-
scale modification only, whereas the PSOLA can be applied to
both time and pitch-scale modification. Most of these methods
generally produce some spectral and phase distortions due to
manipulation of the speech signal directly. This distortion can

be reduced by using the knowledge of the instants of significant
excitation, and operating on the linear prediction (LP) residual
[3].

There are two main tasks in prosody modification using the
instants of significant excitation, namely, finding the instants
and modification of the prosody. The method for finding the
instants of significant excitation based on the group-delay(GD)
analysis is given in [4]. Apart from the GD method, there are
several other methods for finding the instants of significantex-
citation. Among these, the method based on zero frequency
filtering (ZFF) employs simple signal processing steps, andop-
erates directly on the speech signal, thus reducing the number of
computations significantly [6]. Performance of the ZFF method
both in terms of accuracy of detection of the instants as well
as location of the instants is significantly better comparedto
the GD method. Due to the accuracy of the detected instants,
speech waveform itself can be used for prosody modification
without degrading the perceptual quality.

The rest of the paper is organized as follows: Section 2
describes the significance of ZFF method for prosody modifica-
tion using the instants of significant excitation. The fast prosody
modification method using the instants of significant excitation
is described in Section 3. Experimental results are presented in
Section 4. Section 5 gives the summary, conclusions and scope
for future work.

2. ZFF Method for Prosody Modification
Computational efficiency is achieved in the proposed prosody
modification method due to the ZFF method for finding the in-
stants of significant excitation and also due to the modification
of the speech waveform directly. To understand this, the GD
method, the ZFF method and the prosody modification using
the LP residual are briefly described in this section.

2.1. GD method for determining instants of significant ex-
citation

The GD method for determining the instants of significant ex-
citation involves the following steps [4]:

• Difference input speech signalx(n) = s(n)− s(n− 1).
• Perform LP analysis [7]

– Estimation of LP Coefficients (LPCs)
– Computing the LP residual (e(n)) by inverse fil-

tering of speech using LPCs

• GD analysis of LP residual by considering in blocks of
about 1-2 pitch periods lengthwith shift of every sample

– Fourier transform of the LP residual and its time
weighted version, i.e.,



E(ω) = FT [e(n)] = ER + jEI ,
andF (ω) = FT [ne(n)] = FR + jFI

– Compute the group delay function (τ (ω)) using
τ (ω) = −φ′(ω) = ERFR+EIFI
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• Median (5 point) filterτ (ω) to remove isolated peaks in
τ (ω)

• Average the group delay function over a block length to
obtain thephaseslope function(τ̄ (ω))

• Instants of significant excitation correspond to the posi-
tive zero-crossings in the phaseslope function.

2.2. ZFF Method for determining instants of significant ex-
citation
The ZFF method for determining the instants of significant ex-
citation involves the following steps [6]:

• Difference input speech signalx(n) = s(n)− s(n− 1)
• Compute the output of cascade of two ideal digital res-

onators at 0 Hz i.e.,
y(n) =

P

4

k=1
aky(n − k) + x(n),

wherea1 = 4, a2 = −6, a3 = 4, a4 = −1
• Remove the trend i.e.,

ŷ(n) = y(n) − ȳ(n),
whereȳ(n) = 1

2N+1

P

N

n=−N
y(n).

Here2N +1 corresponds to the size of window used for
computing the local mean, which is typically the average
pitch period computed over a long segment of speech.

• The trend removed signal̂y(n) is termed aszero fre-
quency filtered (ZFF)signal.

• The instants of significant excitation correspond to the
positive zero-crossings in the ZFF signal.

2.3. Computational time for determining instants of signif-
icant excitation
The first observation is that the ZFF method works directly on
the speech signal, and hence does not need LP analysis as in
the GD method. The ZFF does not need GD analysis which is
a computation intensive process. Finally, the ZFF method does
not employ block processing for every sample shift to deter-
mine the instants. A speech signal (about 3 sec duration) forthe
text ”Don’t ask me to carry an oily rag like that”taken from
the TIMIT database is used for determining the instants of sig-
nificant excitation using both the GD and ZFF methods. Both
the Matlab programs were run on the same computer. The time
taken for determining the instants was about 4.83 secs in the
case of the GD method, and it was only about 15.6 msec in the
case of the ZFF method, demonstrating the computational effi-
ciency of the ZFF method for finding the instants of significant
excitation.

2.4. Prosody modification using instants of significant exci-
tation by GD method
There are four main steps involved in the prosody manipulation
as outlined in [3].

1. Deriving the instants of significant excitation (epochs)
from the speech signal.

2. Deriving a modified (new) epoch sequence according to
the desired prosody (pitch and duration).

3. Deriving a modified LP residual signal from the modified
epoch sequence.

4. Synthesizing speech using the modified LP residual and
the LP coefficients (LPCs).

The reason for residual modification is due to its relatively
less correlated samples compared to speech samples. But due
to availability of accurate locations of the instants of significant
excitation, the speech waveform itself can be used directlyfor

prosody modification without producing significant distortion.
This is because the presence of missing or spurious instantsadd
to perceptual distortion. The ZFF method gives significantly
fewer missing or spurious instants compared to the GD method
[6] .

2.5. Comparison of ZFF and GD methods for determining
instants of significant excitation
The CMU-Arctic database having simultaneous recordings of
speech and EGG signals [8] was used to evaluate the GD and
ZFF methods for determining the instants of significant exci-
tation. This database consists of 1132 phonetically balanced
English sentences, spoken by two male and one female talkers.
The duration of the speech utterance is about 3 sec. For each
speaker 100 sentences are randomly selected forming a set of
300 sentences. The reference locations of the instants of signif-
icant excitation are extracted from the voiced segments of the
EGG signals by finding the peaks in the differenced EGG sig-
nal. The performance of detection of the instants was evaluated
only in the voiced segments which contains a total of 42065
instants of significant excitation.

The following measures were defined to evaluate the per-
formance of GD and ZFF methods [9].

• Larynx cycle:The range of samples(1/2)(lr−1 + lr) ≤
n ≤ (1/2)(lr+lr+1), given a reference instant of signif-
icant excitation at samplelr with preceding and succeed-
ing reference instants of significant excitation at samples
lr−1 andlr+1, respectively.

• Identification rate (IDR):The percentage of larynx cy-
cles for which exactly one instant of significant excita-
tion is detected.

• Miss rate (MR):The percentage of larynx cycles for
which no epoch is detected.

• False alarm rate (FAR):The percentage of larynx cycles
for which more than one epoch is detected.

• Identification errorζ: The timing error between the ref-
erence and detected instants of significant excitation in
larynx cycles for which exactly one instant of significant
excitation was detected.

• Identification accuracyσ (IDA): The standard deviation
of the identification errorζ. Small values ofσ indicate
high accuracy of identification.

Table 1 shows the performance result for the ZFF and GD
methods. The ZFF method performs significantly better com-
pared to the GD method in all the four factors. This improved
performance will have effect on the perceptual quality of the
prosody modified speech.

Table 1:Performance of ZFF and GD methods for determining
instants of significant excitation.

Method IDR (%) MR (%) FAR (%) IDA (msec)

GD Method 94.48 4.07 1.45 0.45
ZFF Method 99.67 0.02 0.31 0.26

2.6. Computational efficiency of the proposed fast prosody
modification method
For analyzing the computational efficiency, the speech sig-
nal considered in Section 2.3 is used for prosody modifica-
tion (pitch period by 0.66, and duration by 2) using (i) epochs
from the GD method and residual modification (EGD-RM), (ii)
epochs from the ZFF method and residual modification (EZFF-
RM), and (iii) epochs from the ZFF method and speech wave-
form modification (EZFF-SM). The time taken for each method



is tabulated in Table 2. The time for the proposed prosody mod-
ification (EZFF-SM) is significantly lower than the other two
methods.

Table 2:Computational time for prosody modification.

Method Time for prosody modification

EGD-RM 6.22 sec
EZFF-RM 1.78 sec
EZFF-SM 0.93 sec

3. Fast prosody modification using instants
of significant excitation

There are three main steps involved in the proposed fast prosody
manipulation.

1. Deriving the instants of significant excitation (epochs)
from the speech signal by the ZFF method.

2. Deriving a modified (new) epoch sequence according to
the desired prosody (pitch and duration).

3. Deriving a modified speech signal from the modified
epoch sequence.

The prosody modification involves deriving a new speech
signal by incorporating the desired modification in the pitch pe-
riod and duration for the utterance. This is done by first creating
a new sequence of epochs from the original sequence of epochs.
For this purpose, all the epochs derived from the original signal
are considered, irrespective of whether they belong to a voiced
segment or unvoiced segment. The methods for creating the
new epoch sequence for the desired modification are same as in
the case of residual modification discussed in [3].

After obtaining the modified epochs, the next step is to de-
rive the speech signal. For this, the original epochs closest to the
modified epochs are determined. The speech samples around
the original epoch are placed starting from the corresponding
new epoch. Since the value of the desired epoch interval is dif-
ferent from the value of the corresponding original epoch in-
terval, it is necessary to either delete some speech samplesor
append some new speech samples to fill the new epoch inter-
val. Deletion of required number of speech samples is made
in the tail portion of the selected speech samples. Insertion of
required number of speech samples is achieved by suitably re-
sampling about 10% of the tail portion of the selected speech
samples and appending them to the end. Changes in the spec-
tral features are visible for large modification factors of pitch
period and duration as can be seen in the narrowband spectro-
grams for pitch period modification by 2.0 given in Fig. 1. The
degradation seems to be more for residual modification com-
pared to waveform modification.

4. Experimental Results and Discussions
Performance of the proposed prosody modification (EZFF-SM)
method is compared with EGD-RM, EZFF-RM, and also with
the PSOLA method operating on the speech waveform called
time domain (TD)-PSOLA . The TD-PSOLA method performs
pitch and time-scale modifications of the speech waveform us-
ing pitch markers as anchor points. Perceptual evaluation was
carried out by conducting subjective tests with 10 research
scholars. Two sentences of Indian English accent (1 male and1
female) and two sentences of American English accent (1 male
and 1 female) are used for prosody modification. For each sen-
tence the pitch period was modified by three factors: 0.66, 1.5
and 2. Similarly, the duration was modified by factors: 0.5, 1.5
and 2.5. After the required modification using the three meth-
ods, the filenames were coded to avoid bias toward a specific

method. The tests were conducted by playing the speech sig-
nals through headphones. In the test, the subjects were asked
to judge the naturalness, distortion and quality of the speech
for various modification factors on a five-point scale given in
Table 3.

The Mean Opinion Score (MOS) for each of the pitch pe-
riod and duration modification factors are given in Tables 4 and
5, respectively. For moderate modification factor of 1.5, all
the methods seem to provide at least fair quality speech, and
among these the proposed method provides the best possible
speech quality. For all the modification factors, the scoresfor
the methods based on the knowledge of the instants of signif-
icant excitation are better than the TD-PSOLA. This demon-
strates the significance of the instants of significant excitation
for prosody modification. The TD-PSOLA method uses pitch
markers computed by conventional pitch extraction methods
like autocorrelation analysis. From the speech productionand
perception point of view, most of the speech signal charac-
teristics are present in the samples around the instants of sig-
nificant excitation. Thus preserving these samples using the
knowledge of the instants of significant excitation resultsin
better speech quality. Table 6 gives the level of significance
obtained by student-t distribution. The values given in theta-
ble indicate the significance of the difference in MOS of the
proposed EZFF-SM from other methods for pitch and duration
modifications[10]. From Table 6, it can be seen that difference
in MOS score for TD PSOLA and EZFF-SM is significant as
the level of confidence is more than 99%Ȧlso it is to be noted
that the level of significance of difference between MOS scores
of EZFF-SM and EZFF-RM is less than 80% both in the case
of pitch and duration modification. Lower values of confidence
level between the MOS of EZFF-SM and EZFF-RM indicates
nearly the same perceptual qualities of speech produced from
both the approaches. The difference between speech produced
by ZFF based direct waveform prosody modification and GD
based residual prosody modification is also significant as given
in the Table 6.

It is interesting to note that the degradation in perception
quality is less in duration modification compared to pitch pe-
riod modification. This is because in duration modification the
waveform in each pitch period is preserved. Only the number
of pitch cycles are either reduced or increased depending onthe
modification factor. On the other hand, in pitch period modifica-
tion the waveform is either truncated or stretched depending on
the modification factor. Thus the degradation will be more for
large pitch period modification factors. The residual modifica-
tion seems to introduce higher distortion compared to waveform
modification for large pitch modification factors as can be seem
from column four in Table 4.
Table 3:Ranking used for judging the quality and distortion of
the speech signal for different modification factors

Rating Speech Quality Level of distortion

1 Unsatisfactory Very annoying and objectionable
2 Poor Annoying but not objectionable
3 Fair Perceptible and slightly annoying
4 Good Just perceptible but not annoying
5 Excellent Imperceptible

5. Summary and Conclusions
In this work a method for fast prosody modification using the
instants of significant excitation is developed. The existing
method of prosody modification using the instants of signifi-
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Figure 1:Speech waveforms and their narrowband spectrograms for original speech ((a) and (b)), pitch modification by factor of 2.0
for EZFF-RM((c) and (d)) and EZFF-SM ((e) and (f)).
Table 4: Mean opinion scores for different pitch modification
factors.

Method 0.66 1.5 2.0

TD-PSOLA 2.31 2.97 2.39
EGD-RM 3.46 2.84 2.03
EZFF-RM 3.90 3.38 2.34
EZFF-SM 3.44 3.68 3.03

Table 5: Mean opinion scores for different duration modifica-
tion factors.

Method 0.5 1.5 2.5

TD-PSOLA 2.75 3.17 2.05
EGD-RM 3.41 3.86 2.59
EZFF-RM 3.79 4.67 3.72
EZFF-SM 3.97 4.52 3.88

cant excitation uses the GD method and residual modification.
This is replaced with the ZFF method and speech waveform
modification. The refinement provided a computationally effi-
cient prosody modification method. Experimental results using
subjective studies show that we can even modify speech wave-
form and preserve the speech quality, since the instants or pitch
markers are accurate.

The fast prosody modification developed in this work is
computationally efficient, and hence can be explored for other
applications like speech rate modification and voice conversion.
For large scale modification other factors such as spectral tran-
sitions and changes in loudness in different segments need to be
incorporated to reduce perceptual distortion.
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