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Abstract: Naturalness is one of the very important parameter to evaluate the speech synthesis system. Besides other
prosodic feature parameters like pitch, formant and energy, pitch plays a very significant role in understanding spoken
signals. To obtain naturalness in synthesized speech, pitch has to be analysed. Pitch is dependent on language we
attempted to present the implementation of PSOLA algorithm on the database of English and Marathi sentences. It is
seen that English being irregular language results in different accent whereas Marathi being regular proves to be with

good synthesized speech.
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1. INTRODUCTION

Language is the ability to acquire and use complex
systems of communication and is any specific example of
such a system. The scientific study of language is called
linguistics and is the ingredient for speech [1] [2]. Speech
processing is the study of speech signals and the
processing methods of these signals. It includes the study
of speech recognition, speaker recognition, speech coding,
speech analysis, speech enhancement, speech compression
and speech synthesis. Speech synthesis is the process of
converting written text into voice communication [3].

It is also referred as text-to-speech system (TTS). In the
process of speech synthesis, mainly two processing
components are used; they are NLP (Natural Language
Processing) and DSP (Digital Signal Processing) modules
[4]. This system first converts the input text into its
corresponding linguistic or phonetic representations and
then produce the sounds corresponding to those
representations. The main aim of this system is to generate
natural sounding voice for conveying information to the
user in the desired accent, language, and voice [5].

Natural speech can be produced by concatenation
technique and it is the simplest and widely practiced
techniques for speech synthesis. In this technique, units of
phonemes, diphones, syllable, words and phrases are
concatenated in order to make the speech output. These
words are pre-recorded in the machine memory and
retrieved according to need. This proficiency has its own
problems like discontinuities at concatenation points, high
memory requirements, data collection and labelling takes
more time. There are three basic forms of concatenation,
they are:
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Unit Selection Synthesis

This technique uses large databases of recorded speech.
The primary advantage of using large database is to vary
prosodic and spectral characteristics and it should be
possible to synthesize more natural- sounding speech than
that can be produced by a diminished set of controlled
units [6]. The main difference between the unit selection
and the diphone based method is the length of the used in
speech segments.

Diphone based Synthesis

It is one of the method used for creating synthetic voice. It
uses minimal speech database. It uses two adjacent phones
to make the speech waveform [7]. The quantity of
diphones in the database depends on the phonotactics of
the desired language. Diphone gives best results in the
languages having consistencies in the pronunciation. It
suffers with problems of discontinuities.

Domain based synthesis

Domain based synthesis concatenates pre-recorded words
to produce entire utterances relevant to specific field. It
can be used specifically announcement system in railways,
bus, airports, weather condition reports due to restricted
vocabulary.

The most complex attribute of speech is the determination
of correct/ appropriate prosody information for the
sentence. Prosodic features consist of pitch, duration and
intensity of synthesized speech [8]. Naturalness and
smoothness plays very important role while synthesizing
speech samples [9]. It is due to pitch variation. Pitch is one
of the most important parameters. So it is very important
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to extract the pitch specific information [10]. One of the
approaches in order to change the voice is to change the
pitch of the voice, this is done by shifting the pitch of the
voice using certain techniques like the Pitch Synchronous
Overlap Add (PSOLA) algorithm [11]. Pitch period is the
period of glottal pulse [12]. It is responsible for making
some sounds to be sharper than others. The main aim of
pitch shifting algorithm is to create a change in pitch
without creating a change in the replay rate.

PSOLA works by dividing the speech waveform in small
overlapping segments. To change the pitch of the signal,
the segments are moved further apart or closer together.
To change the duration of the signal, the segments are then
repeated multiple times or eliminated and then the
segments are combined using add technique. It directly
works on the signal waveform without any sort of model
and therefore does not lose any detail of the signal. Several
types of PSOLA algorithm are present such as Time
Domain, Frequency domain and Linear Predictive
PSOLA. The TD-PSOLA is most commonly used due to
its computational efficiency [13]. The TD-PSOLA
algorithm was proposed allowing pitch modification of a
given signal without changing the time duration and vice
versa. The TD-PSOLA algorithm was suggested to allow
pitch modification of a given speech signal without
altering the time duration and vice versa. The TD-PSOLA
consists mainly of the following three steps:

1. The analysis step, where the original speech signal is
first divided into separate but often overlapping short term
analysis signals (ST). Short term signals xm (n) are
obtained from the digital speech waveform x (n) by
multiplying the signal by a sequence of the pitch
synchronous analysis window HM (n) as in Eq. 1:

Xm(n) = hm(tm — n)x(n) ----------

where m is an index for the short-time signal

2. The windows, which are usually Hanning type, are
centered on the successive instants tm, called pitch marks.
These marks are set at a pitch-synchronous rate in the
voiced parts of the signal and at a constant rate on the
unvoiced parts.

3. The modification step, where each frame is modified
according to the target. The synthesis steps are done such
that these segments are recombined by means of overlap
adding.

Creation of Database

The database is created for the analysis of pitch
synchronisation in English and Marathi Language. In
English language a male and female speaker has uttered
sentences while for Marathi male speaker has uttered all
sentences and the database has been downloaded online
[14]. These sentences are collected from story books and
newspaper articles. The total number of sentences in
English language is around 590 and in Marathi it is around
1000. The database collection has been exercised in a
recording studio in the afternoon session with a complete
noise-free environment. For the Pitch analysis out of these
many sentences 30 sentences in each language have been
chosen. Each sentence is uttered for one time by the
speaker. The total size of database considered for analysis
is 120 sentences. After collection of these speech samples,
the sentences have undergone though synthesis process.
For synthesizing the speech samples Festival Framework
has been used, which is a platform for research and
development with its highly flexible architecture. The
experiment has been done on 30 sentences in each
database but for presentation only 10 sentences has been
shown. The technical specifications are shown in table 1.
While the table 2 depicts The specification of database
voices. The table 3,4,5 shows the English and Marathi
sentences with their respective labels used for original and
synthesized speech samples.

Table 1 the technical specification for database creation

Sr.No Parameter Specification
1. Sampling Frequency 16Khz
2. Distance from microphone 10cm
3. Environment Recording studio
4, Temperature 25
5. Channel Single
6. Gender Female:1
Table 2 Specification of Database
Sr.No | Language Voice Label Utterance
1. English Male-1 R001-R030 30*1=30
Female-1 B001-B0030 30*1=30
Total=60
2. Marathi Male subject 1 MO001-M030 30*1=30
Male subject 2 M101-M130 30*1=30
Total=60
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Table 3 The sentences used in Pitch analysis of Marathi language for subject 1

Sr. | Sentence Label used for Label used for
No the original the synthesized
speech file speech file
1 | oAud Riars AgRIST A<AT it M001 MS001
2 | faferdifEar T ueh STeTehier 31T MO002 MS002
3 | JFEY T AT FE QTR T AT MO03 MS003
4 | #ART THR @R ol A0RT U ARR @eAe | M004 MS004
5 | fAfRNE Tsarder aata Ars sitemifaies ergramg | MO0S MS005
6 | 377 § 28X YOt & JifUehd A Hewear s | M006 MS006
7| geies fohasH I ATHETSITAT Teh 79T MO007 MS007
9
8 | g e MU fea e et teare Moo8 MS008
9 | sifeforar ganar suar amedt 3 M009 MS009
10 | groreee T=ardier arel fotegar fawr= o MO010 MS010
Table 4 Sentences used in Pitch Analysis of Marathi language of subject 2
Sr. | Sentence Label used for | Label used for
No the original the synthesized
speech file speech file
L | #er aree, S qroft AT 81T @relY 214, 9d gl MO01 MS001
2 | MrAE S, ug 9 Fo MO002 MS002
3 | & HATT IS A B, Y ATSY 3TS T8, I MO003 MS003
3741, 37dTeleh, FAT Ueh SIRTAT, STChT SITaTell
4 | wrzaRaet Ricar, smdear aAgraReE fHear steain, | M004 MS004
Helr, IEfeyor g gidr
5 | UM Fle UE, HAHTY HIUATEREA g MO05 MS005
6 | gHTTae, aTSer 31eieh 9 31HTd, 30T § sierd aterd, | M006 MS006
U g13, dl ITARET ATeATehs, T ST
7 | Aol ST, el ST [Wsedisasy Ugy, 3ase | M007 MS007
g efrerel g1
8 | T earw UG, ufdet &% AmeTa MO08 MS008
9 | ua fAfAe sieaeieR, e 3 ared gid, s and o | M009 MS009
I, BR des aad 3Ted
10 | iy fRraT 3. T A, T WEAYYT Holed divoisar, | MO10 MS010
STETETeT, quT QATeTell grelt
Table 5 Sentences used in Pitch Analysis of English language in Male voice
Sr. | Sentence Label used for | Label used for
No the original the synthesized
speech file speech file
1 Will we ever forget it ROO1 RS001
2 If | ever needed a fighter in my life | need one now R002 RS002
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3 He was a head shorter than his companion, of almost RO03 RS003
delicate physique

4 There was a change R004 RS004

5 | followed the line of the proposed railroad, looking for RO05 RS005
chances

6 I was about to do this when cooler judgment prevailed RO06 RS006

7 It occurred to me that there would have to be an accounting | R007 RS007

8 To my surprise, he began to show actual enthusiasm in my ROO08 RS008
favour

9 | had faith in them R009 RS009

10 | Sheturned in at the hotel R0O10 RS010

Table 6 Sentences used in Pitch Analysis of English language in Female voice

Sr. | Sentence Labels for original | Label synthesized
No speech signal speech signal
1 I can see that knife now B0O1 BS001
2 They robbed me a few years later B002 BS002
3 I was completely lost in my work B003 BS003
4 He caught himself with a jerk B004 BS004
5 It won't be for sale B0O05 BS005
6 She was even more beautiful than when | saw her, B006 BS006
before
7 There was no answer from the other side B0O7 BS007
8 Tomorrow it will be strong enough for you to stand | B008 BS008
upon
9 You were going to leave after you saw me on the B009 BS009
rock
10 I want to die in it B010 BS010

Effect Analysis of Pitch Synchronous Overlap Add
(PSOLA) on Marathi and English Language

Speech is the output of a time-varying vocal tract system
excited by a time- varying excitation. Pitch is one of the
most important parameters for speech signal processing
including speech synthesis, automatic speech recognition,
speech enhancement etc.It is the most important parameter
in speech synthesis. Pitch can be estimated using different
methods such as Autocorrelation method, Cepstrum Pitch
determination, Pitch Estimation by SIFT method and
PSOLA. The pitch values contain the speaker specific
information. The pitch variation carries the intonation
signal associated with rhythms of words, speaking style,
emotions and stress.

The gender is one of the elements which convey a voice in
the enactment of the vocal tract. Randomly, the average
pitch for females is about 200 Hz and for males it is about
110Hz.Pitch variation is often correlated with loudness
and lowness in speech samples. Pitch modification means
transposing the pitch without changing its characteristics.
The discontinuity of concatenative speech synthesis
samples can be improved by correcting the pitch
discontinuities of speech samples. For this pitch marking
is an essential step. The experimentation is done by
counting on the prosodic features as pitch, duration,
frequency, fundamental frequency values for a male and
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female speaker in English and two male speakers Marathi
language. These values are calculated using Computerized
Speech Lab (CSL). CSL gives values for the minimum
pitch, maximum pitch, Mean frequency, Mean
fundamental frequency (FO), Mean Period of the speech
sample, standard deviation, median pitch, root mean
square, geometric mean. In the table 4 and 5 it can be seen
that there is difference in the values of male and the
female speaker, it is due to the pitch difference in male
and female voices.

It is clearly visible in table number 9,10,11 and 12 that in
English language the values of minimum pitch and the
maximum can be seen and altered in order to get good
quality speech. Due to the alteration in the pitch values the
duration is also altered in some of the speech samples. It is
due to irregularity in English language as letter does not
corresponds to sound so there is variation in the pitch
values.

But on the other hand, in table 13,14,15 and 16 it is found
that in Marathi being regular, there is no significant
different in the original and the synthesized speech, it is
due to resemblance in the written letters and their
corresponding sounds as it is a regular language. The
graphical representation of some sentences of English and
Marathi sentences have been shown in figure 1,2,3 and 4.
It consists of simple speech signal, signal after pitch
marking and the pitch contour.
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2. GRAPHICAL REPRESENTATION
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Figure 3 Graphical representation of sentence “#¥ 3rNeX gt A, AT T, el ARTorH @t @iger for original
speech sample
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Figure 4 Graphical representation of sentence “#HI 313MNEY EI_? A, AT T, el AT amsr @ider for
synthesized speech sample
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Table 9 shows the values of various statistical measures used in the pitch analysis of Female subject in Original
Speech Sample

Label | End of | Min Max | Mean Mean | Mean | Standard | Median| Root | Geometric
Analysis | pitch | pitch | Frequency | FO Period | Deviation | Pitch Mean | Mean
(H2) (msec) | (Hz) (H2) square | ( Hz)

(Hz)

BOO1 | 1.77 135.54 | 306.62 | 221.35 211.44| 4.73 46.19 216.65 | 226.03 | 216.46
B002 | 2.45 129.65| 293.82| 200.8 213.31| 4.69 39.21 219.01 | 224.22 | 217.17
B003 | 2.31 146 326.94| 250.85 243.77| 4.1 39.41 254.49 | 253.89 | 247.49
B004 | 2.19 131.03| 310.48 | 225.56 216.68| 4.62 43.04 224,11 | 229.56 | 221.26
BO05 | 1.80 149.09 | 295.45| 236.44 230.89| 4.33 34.63 239.69 | 238.91 | 233.77
B006 | 4.65 115.86 | 323.09 | 221.98 215.37| 4.64 35.85 224 224.83 | 218.86
B007 | 2.75 125.54 | 285.08 | 216.56 208.03| 4.81 39.4 225 220.08 | 212.56
B008 | 3.56 130.13| 305.94 | 207.35 201.68| 4.96 33.61 205.43 | 210.03 | 204.57
B009 | 4.10 121.29| 294.09 | 225.42 220.99| 4.53 29.97 226.35 | 227.39 | 223.31
B010 | 1.68 116.6 | 310.93| 209.8 204.14| 4.9 33.09 212.86 | 212.34 | 207.09

Table 10 shows the values of various statistical measures used for the pitch analysis of Female subject in
Synthesized Speech Sample

Label | End of | Min Max | Mean Mean | Mean | Standard | Median | Root Geometric
Analysis | pitch | pitch | Frequency | FO(Hz) | Period | Deviation | Pitch Mean Mean
(msec) | (Hz) (H2) Square | (Hz)
(Hz)
BS001 | 3.78 126.95| 255.9 | 210.07 206.54 | 4.84 24.29 214,71 | 211.46 | 208.45
BS002 | 2.45 137.5 | 302.55| 224.74 217.75 | 4.59 38.71 223.21 | 228.01 | 221.31
BS003 | 2.29 143.6 | 328.59| 228.17 217.69 | 4.59 46.26 243.23 | 232.75 | 223.12
BS004 | 1.53 126.92 | 299.96 | 231.36 223.56 | 4.47 39.5 230.92 | 234.63 | 227.69
BS005 | 1.53 123.92| 299.96 | 231.36 223.56 | 4.47 39.5 230.92 | 234.63 | 227.69
BS006 | 4.21 85.81 | 318.45| 224.14 217.22 | 4.6 34.87 220.71 | 226.82 | 221.07
BS007 | 2.75 125.54 | 285.08 | 216.56 208.03 | 4.81 39.4 225 220.08 | 212.56
BS008 | 3.76 130.6 | 312 205.64 200.16 | 5 32.68 205.74 | 208.2 202.97
BS009 | 4.08 122.51| 287.04 | 218.82 213.64 | 4.68 30.91 22247 | 220.98 | 216
BS010 | 1.57 161.83| 246.95| 211.84 210.15 | 4.76 18.53 214,43 | 212.63 | 211.01

Table 11 shows the values of various statistical measures used for the pitch analysis of Male subject in

Original Speech Sample

Label | End of | Min Max | Mean Mean | Mean | Standard | Median | Root Geometric

Analysis| pitch | pitch | Frequency | FO(Hz) | Period | Deviation| Pitch Mean | Mean(Hz)

(msec) | (Hz) (H2) Square
(Hz)

R001 | 1.83 100.48 | 164.77 | 132.92 130.97 | 7.54 16.4 130.32 | 133.9 | 131.93
R002 | 3.47 93.49 | 200.74| 128.62 126.39 | 7.87 17.65 126.26 | 129.81 | 127.48
R003 | 4.06 93.9 178.63| 129.4 127.12 | 7.84 17.21 126.81 | 130.53 | 128.26
R004 | 1.62 100.31| 148.6 | 124.64 1228 | 8.15 15.07 126.09 | 125,53 | 123.73
R005 | 4.21 97.09 | 196.29| 125.89 123.87 | 8.09 16.44 124.07 | 126.95 | 124.86
R006 | 3.35 91.68 | 266.16| 130.43 126.46 | 7.92 27.38 123.28 | 133.25 | 128.23
R007 | 2.81 102.1 | 211.86| 131.29 129.24 | 7.68 17.59 128.49 | 132.22 | 130.22
R008 | 3.96 94.08 | 175.41| 128.03 126.45 | 7.84 14.48 125.89 | 128.84 | 127.23
R009 | 1.54 89.19 | 150.97| 122.08 119.12 | 8.39 18.59 125.18 | 123.46 | 120.63
R010 | 2.04 98.32 | 263.96| 142.32 136.4 | 7.33 34.13 138.14 | 146.29 | 139.07
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Table 12 shows the values of various statistical measures used for the pitch analysis for Male subject for
Synthesized Speech Sample

Label | End of | Min Max | Mean Mean | Mean | Standard | Median | Root Geometric

Analysis| pitch | pitch | Frequency| FO(Hz)| Period | Deviation | Pitch Mean | Mean(Hz)

(msec) | (Hz) (H2) Square
(Hz)

RS001| 1.81 92.93 | 203.8 | 135.9 132.58 | 7.54 22.27 130.78 | 137.68 | 134.2
RS002 | 3.45 99.59 | 274.17| 130.49 127.11 | 7.87 24.89 125 132.83 | 128..64
RS003 | 4.05 94.73 | 178.03| 124.67 127.61 | 7.84 16.52 127.4 130.76 | 128.67
RS004 | 1.59 98.93 | 157.63| 124.67 122.75 | 8.15 155 123.99 | 125.61 | 123.71
RS005 | 4.20 92,52 | 161.13| 125.48 123.66 | 8.09 15.26 123.6 126.4 | 124.57
RS006 | 3.33 91.77 | 269.53| 130.68 126.27 | 7.92 29.26 122.83 | 133.89 | 128.22
RS007 | 2.80 102.51| 245.37| 132.8 130.21 | 7.68 20.87 130.45 | 134.41 | 131.42
RS008 | 4.07 92.99 | 164.62| 129.34 127.55 | 7.84 15.32 127.64 | 130.24 | 128.44
RS009 | 1.52 80.77 | 151.49| 122.05 1185 | 8.44 19.67 127.38 | 123.59 | 120.35
RS010| 1.86 84.79 | 185.86| 130.73 126.83 | 7.88 22.12 133.35 | 132.56 | 128.82

Table 13 shows the values of various statistical measures used for the pitch analysis of Male subject 1 for
Original Speech Sample in Marathi language

Label| End of | Min | Max | Mean Mean | Mean | Standard | Median | Root Mean | Geometric
Analysis | pitch | pitch | Frequency | FO Period | Deviation | Pitch Square(Hz) | Mean(Hz)
(Hz) | (msec) | (H2) (H2)
MO0O01 | 5.12 82.67 | 202.41 | 142.42 136.56 | 7.32 28.36 137.74 | 145.19 139.53
MO002 | 5.04 83.74| 291.3 | 139.64 133.28| 7.5 33.76 132.11 | 143.62 136.25
MO0O03 | 5.86 76.96 | 209.26 | 146.45 141.83| 7.05 26.61 139.74 | 148.83 144,12
MO004 | 6.79 85.84 | 223.64 | 139.02 134.15| 7.45 26.06 138.77 | 141.42 136.59
MOO05 | 5.88 73.08 | 225.88 | 135.41 129.28| 7.73 29.78 129.44 | 138.62 132.3
MO006 | 7.7 75.16| 221.76 | 151.52 144.35| 6.93 32.45 144.24 | 154.93 147.97
MO0O07 | 6.20 84.4 | 224.83| 141.2 134.37| 7.44 30.34 144.31 | 144.39 137.84
MO0O08 | 5.83 85.73| 228.32 | 108.48 105.89| 9.46 20.81 104.06 | 110.2 106.78
MO0Q9 | 5.07 89.34| 275.24 | 147.89 139.97| 7.14 35.86 137.71 | 152.14 143.83
MO010 | 5.54 97.11| 265.81| 160.14 150.64 | 6.64 40.71 142.62 | 165.2 155.23

Table 14 show the values of various statistical measures used for the pitch analysis of Male subject in
Synthesized Sample in Marathi language

Label | End of | Min | Max Mean | Mean | Mean | Standard | Median | Root Geometric
Analysis | pitch | pitch | Frequ- | FO(Hz) | Period | Deviation | Pitch | Mean | Mean
ency (msec) | (Hz) (Hz) Square | (Hz)
(Hz)
MS001 | 5.12 82.67 | 202.41 | 142.42 | 136.56 | 7.32 28.36 137.74 | 145.19 | 139.53
MS002 | 5.04 83.74 | 291.3 | 139.64 | 133.28 | 7.5 33.76 132.11 | 143.62 | 136.25
MS003 | 5.86 76.96 | 209.26 | 146.45 | 141.83 | 7.05 26.61 139.74 | 148.83 | 144.12
MS004 | 6.79 85.84 | 223.64 | 139.02 | 134.15 | 7.45 26.06 138.77 | 141.42 | 136.59
MS005 | 5.88 73.08 | 225.88 | 135.41 | 129.28 | 7.73 29.78 129.44 | 138.62 | 132.3
MS006 | 7.7 75.16 | 221.76 | 151.52 | 144.35 | 6.93 32.45 144.24 | 154.93 | 147.97
MS007 | 6.20 84.4 | 224.83 | 141.2 134.37 | 7.44 30.34 144.31 | 144.39 | 137.84
MS008 | 5.83 85.73 | 228.32 | 108.48 | 105.89 | 9.44 20.81 104.19 | 110.44 | 107.02
MS009 | 5.07 89.34 | 275.24 | 147.89 | 139.97 | 7.14 35.86 137.71 | 152.14 | 143.83
MS010 | 5.54 97.11 | 265.81 | 160.14 | 150.64 | 6.64 40.71 142.62 | 165.2 155.23
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Table 15 show the values of various statistical measures used for the pitch analysis of Male subject in Original
Speech Sample in Marathi language

Label | End of | Min | Max | Mean Mean | Mean | Standard | Median | Root Geometric

Analysis | pitch | pitch | Frequency| FO Period | Deviation | Pitch Mean | Mean(Hz)

(H2) (msec) | (Hz) (H2) Square
(Hz)

M101 | 5.74 94.06 | 164.05| 115.32 113.67 | 8.80 14.22 112,76 | 116.18 | 114.48
M102 | 3.35 78.44 | 131.45| 110.98 109.36 | 9.14 13.37 107.26 | 111.78 | 110.18
M103 | 10.73 90.42 | 150.58 | 111.53 109.95 | 9.10 13.93 108.42 | 112.39 | 110.72
M104 | 8.35 89.14 | 136.66 | 109.85 109.11 | 9.17 9.18 109.18 | 110.23 | 109.48
M105 | 4.26 92.13 | 133.78| 108.39 107.51 | 9.30 9.91 108.42 | 108.84 | 107.94
M!I06 | 11.31 85.86 | 208.94| 107.01 105.91 | 9.44 12.38 105.74 | 107.72 | 106.42
M!07 | 6.68 85.85 | 150.01| 113.02 110.28 | 9.07 18.40 107.82 | 114.50 | 111.61
M108 | 3.80 91.59 | 182.42| 110.12 108.27 | 9.24 15.59 103.70 | 111.20 | 109.15
M109 | 8.34 87.36 | 269.63| 111.56 109.00 | 9.17 21.29 107.85 | 113.57 | 110.12
M110 | 10.77 87.06 | 195.13| 112.16 110.20 | 9.07 16.01 107.81 | 113.29 | 111.13

Table 16 show the values of various statistical measures used for the pitch analysis of Male subject in
Synthesized Speech Sample in Marathi language

Label | End of | Min | Max | Mean Mean | Mean | Standard | Median | Root Geometric
Analysis| pitch | pitch | Frequency | FO Period | Deviation | Pitch Mean | Mean
(Hz) | (msec) | (Hz) (Hz2) Square | (Hz)

(Hz)

MS101 | 5.74 86.41 | 183.65| 114.86 112.50]| 8.89 17.24 111.80 | 116.14 | 113.65
MS102 | 3.35 73.29 | 137.05| 109.56 107.58] 9.30 14.55 108.50 | 110.51 | 108.50
MS103| 10.73 71.45 | 155.97| 111.41 109.35| 9.14 15.61 109.59 | 112.49 | 110.36
MS104 | 8.35 82.47 | 146.04| 109.58 108.50| 9.22 11.02 108.52 | 110.13 | 109.03
MS105 | 4.26 75.57 | 144.38]| 108.83 107.26] 9.32 13.14 107.20 | 109.20 | 109.61
MS106 | 11.31 79.79 | 225.35| 107.08 105.49| 9.48 14.34 105.75 | 108.03 | 106.25
MS107 | 6.68 76.71 | 157.40| 113.02 109.80| 9.11 19.73 107.82 | 114.72 | 111.38
MS108 | 3.80 75.70 | 190.07| 110.46 107.94| 94.26 | 18.25 104.27 | 111.95 | 109.14
MS109 | 8.34 82.28 | 271.08| 112.09 108.86| 9.19 23.06 108.19 | 114.43 | 110.31
MS110| 10.77 79.74 | 317.45| 113.91 110.59| 9.04 24.44 108.44 | 116.49 | 112.05

3. EXPERIMENTAL ANALYSIS

To evaluate the comparative difference between pitch of
English and Marathi Languages Euclidean Distance is
used. This difference is used as a measure of correlation
between user preferences. The smaller the difference, the
closer the correlation between user preferences.

The greater the distance, the less correlation exists
between user preferences. We have used the Euclidean
distance to find the similarity percentage of the original

speech sample with respect to synthesized speech. The
observations found are discussed below:

For English Female database, the similarity percentage
ranges between 52.59 to 100 %.

For English Male database, the similarity percentage
ranges 64.81 to 100 %.

For Marathi database subject 1, the similarity percentage is
100 %.

For Marathi database subject 2, the similarity percentage
lies between 65.51 to 100%.

Table 17 Euclidean Distance and Similarity Percentage for Female Speaker in English Language

Label Standard Label Standard Euclidean Similarity
Deviation (Hz) Deviation (Hz) | distance Percentage

B0O1 46.19 BS001 24.29 21.9 52.59

B002 39.21 BS002 38.71 0.5 98.72
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B003 39.41 BS003 46.26 6.85 85.19
B004 43.04 BS004 39.5 3.54 91.78
B00S 34.63 BS005 39.5 4.87 87.19
B006 35.85 BS006 34.87 0.98 97.27
B0O7 39.4 BS007 39.4 0 100.00
B008 33.61 BS008 32.68 0.93 97.23
B009 29.97 BS009 30.91 0.94 96.96
B010 33.09 BS010 18.53 14.56 56.00

Table 18 Euclidean Distance and Similarity Percentage for Male Speaker in English Language

Label Standard Label Standard Euclidean Similarity
Deviation (Hz) Deviation (Hz) | Distance Percentage
RO0O1 16.4 RS001 22.27 5.87 73.64
R002 17.65 RS002 24.89 7.24 70.91
R003 17.21 RS003 16.52 0.69 95.99
R004 15.07 RS004 155 0.43 97.23
R005 16.44 RS005 15.26 1.18 92.82
R006 27.38 RS006 29.26 1.88 93.57
R007 17.59 RS007 20.87 3.28 84.28
R008 14.48 RS008 15.32 0.84 94.52
R009 18.59 RS009 19.67 1.08 94.52
R010 34.13 RS010 22.12 12.01 64.81

Table 19 Euclidean

Distance and Similarity Percentage for Male for Subject 1 Speaker in Marathi Language

Label Standard Label Standard Euclidean Similarity
Deviation (Hz) Deviation(Hz) Distance Percentage
M001 28.36 MS001 28.36 0 100
M002 33.76 MS002 33.76 0 100
MO003 26.61 MS003 26.61 0 100
M004 26.06 MS004 26.06 0 100
MO005 29.78 MS005 29.78 0 100
MO006 32.45 MS006 32.45 0 100
MO007 30.34 MS007 30.34 0 100
MO008 20.81 MS008 20.81 0 100
M009 35.86 MS009 35.86 0 100
MO010 40.71 MS010 40.71 0 100

Table 20 Euclidean

Distance and Similarity Percentage for Male for Subject 2 Speaker in Marathi Language

Label Standard Label Standard Euclidean | Similarity
Deviation (Hz) Deviation (Hz) | Distance Percentage
M101 14.22 MS101 17.24 3.02 82.48
M102 13.37 MS102 14.55 1.18 91.89
M103 13.93 MS103 15.61 1.68 89.24
M104 9.18 MS104 11.02 1.84 83.30
M105 9.91 MS105 13.14 3.23 75.42
M!06 12.38 MS106 14.34 1.96 86.33
M!07 18.40 MS107 19.73 1.33 93.26
M108 15.59 MS108 18.25 2.66 85.42
M109 21.29 MS109 23.06 1.77 92.32
M110 16.01 MS110 24.44 8.43 65.51
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4. RESULTS AND CONCLUSION

[9]

To evaluate the Performance for naturalness Euclidean ;g
Distance has been calculated. It is observed that:

For English Female database, the similarity percentage
ranges between 52.59 to 100 %. The 10% sentences are
found to be of 100% similarity. This suggests that the
original speech is equal to synthesized speech. Out of
10 sentences 50 % sentences are found in the range of
90-99. The similarity percentage of some sentences is
20% which are in the range of 80-89. Few sentences,
similarity ranges in between 51-59, which indicates
that these sentences are not similar to original
sentences. It is due to the nasal sounds present in those
sentences. As English is an irregular language.

For English Male database, the similarity percentage
ranges 64.81 to 99 %. The 6 sentences are found to be
in range of 90-99 percent similarity. Out of 10
sentences 1 sentences are found to be in the range 80-
89 and 2 sentences are in the range of 70-79. And one
in the range of 60-69 percentages.

For Marathi database subject 1, the similarity
percentage is 100 % for 10 sentences. This is due to
regular language pronunciation.

For Marathi database subject 2, the similarity
percentage lies between 65.51 to 93.26%. The
similarity percentage of 3 sentences are found to be in
the range of 90-99%. The 5 number of sentences are in
the range of 80-89 % similar and 1 in the range of 70-
79. The 1 number of sentences are in the range 60-69.

From these observations it can be concluded that language

used

is also very important in the application of

synthesized speech generation. The regular languages
bring more naturalness in the synthesized speech than
irregular languages.
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