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Abstract 
The article discusses the application of sentence intonation for 
Polish language basing on speech synthesis from allophones 
database. The paper presents some techniques of signal 
processing used for transformation of allophones speech 
signal. Introduced methods, joint together, permit to obtain 
intonation effects in speech synthesis problem. Our presented 
application and this approach allows build prosody database 
for further works witch including automatic sentence 
intonation. The results of the research have been applied to the 
text-to-speech synthesis systems for Polish language. 

1. Introduction 
The present applications text-to-speech (TTS) synthesis have 
one main goal: produce very high quality of speech, similar to 
human. To achieve this point we should develop and build 
suitable resources: linguistic, vocabularies, grammar, and 
acoustical databases. Second important step is creating the 
models which are using our resources to produce natural 
speech sound. 

The synthesis of phonemic characteristics of speech is 
based on the Allophones Natural Waves [1]. This method can 
use two kinds of databases: Natural Allophone Database or 
above database created by wavelet compression presented in 
[2], [3]. 

In order for the synthesized speech to sound natural it 
needs to have rhythm and, what is more important, proper 
intonation. The voice signal is described using numerous 
physical parameters which vary as the speech goes on. The 
acoustic parameter that is particularly important in prosodic 
analysis is the fundamental frequency (F0) and its curve 
(intonation contour). Additionally next important parameters 
are: duration of accented speech fragments (i.e. allophones) 
and its strength. Proper manipulation of above parameters 
(frequency, time and amplitude domains) can produce very 
good results for speech synthesis process. 

This paper describes new application of speech synthesis 
that allows do manually changes of above four speech 
parameters. Then we’re can listen output sentence sound and 
optional save used settings into prosody database. Prosody 
databases will be next used into Polish TTS system precisely 
described in [4]. 

Section 2 of this paper describes a short summary of 
properties of Polish language phonetic system and introduction 
into Natural Allophones Database. Sections 3 describe a few 
digital signal processing methods that can be used for signal 
characteristics manipulation. Section 4 presents discussed 
application that uses techniques described in Section 3. 
Findings and their implications are discussed in Section 5. 

2. Properties of Polish language [5] 
In every language we can distinguish larger parts we fully 
pronounce and their component part: moods, sentence, words, 
syllables, and finally sounds we can identify with the 
phoneme. Sound is the smallest linguistic element, capable of 
being distinguished from the structure word. The dependence 
of sound on a language is so total, that when people are getting 
familiar with a new language, they usually calculate and 
estimate its supply of sounds differently than its native 
speakers. 

The tongue is the most restless or movable organ of 
speech. It’s a main regulator of tone of vowel, because 
changing position it shortens or lengthens resonance space 
there through influences the height her basic tone. Besides 
pure vowels that are mouth vowels, we also have nasal 
vowels. 

2.1. Polish phonemes 

Polish language alphabet consists of 32 letters of Latin 
alphabet: 

• 23 usual letters: A, B, C, D, E, F, G, H, I, J, K, L, M, N, 
O, P, R, S, T, U, W, Y, Z 

• 9 letters from additional marks: Ó, Ś, Ż, Ź, Ć, Ń, Ą, Ł, Ę 

Additionally from adopted words we can come across the 
letters: Q, V, X and we also use 7 digraphs: CZ, DZ, DŻ, DŹ, 
RZ, SZ, CH.  
 
Altogether we have 51 phonemes as follows: 

• 8 vowels: U(u), O(o), A(a), E(e), Y(y), I(i), Ą(ą), 
Ę(ę). 

• 43 consonant: p(p), b(b), f(f), w(w), m(m), ł(ł), t(t), 
d(d), s(s), z(z), c(c), dz(Ď), sz(š), ż(ż), cz(č), dż(Đ), 
r(r), n(n), l(l), k(k), g(g), h(h), p’(P), b’(B), f’(F), 
w’(W), m’(M), t’(T), d’(D), r’(R), l’(L), k’(K), 
g’(G), h’(H), s’(S), z’(Z), c’(C), ś(ś), ź(ź), ć(ć), 
dź(đ), ń(ń), j(j) 

Phoneme in addition to its neighborhood is i.e. what 
phoneme is before him and after him can have different 
sound. Therefore one phoneme can have many variants so-
called allophones. 

2.2. Allophones database 

Every combination of phonemes answers different allophone 
theoretically. However, in practice the phonemes, it is 
possible to divide them on certain group applying the suitable 
criterions that is the place of articulation and the way of 
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articulation and in case of vowels accent. This division is 
different for consonants and vowels. It was our aim to find as 
many allophones to make the synthesis work correctly. Using 
the division of group we should have created suitable tables to 
find these allophones and to create the database. And so for 
vowels we have, considering the accent, three tables for each. 
We have vowel stressed, vowel before stressed syllable, as 
well as vowel after stressed syllable. In case of consonants it 
is possible to simplify a bit. We do not have the stressed 
consonants, which reduces already the number of allophones, 
besides very detailed division like the one in case of vowels is 
not necessary. 

To create allophone database first we should find the 
words list which contain target set of allophones. Further, 
these words should record without any emotions and then 
manually cut out suitable allophones and obviously record it 
under suitable name. The whole database for one kind of 
voice contains around 2300 allophone files. 

2.3. Polish language sentence intonation 

In Polish language we can separate five main kinds of 
sentence intonation: 

• Question – ending with sign: ? 
• Question-exclamation - ending with sign: ?! 
• Imperative - ending with sign: ! 
• Exclamation - ending with sign: !! 
• Announce - ending with sign: . 

 
Previous researches about allophones characteristics and 

intonation was described in [6]. Allophones time durations, for 
given kinds of intonations, are very different. The fundamental 
role has there observation, if word which has interested 
allophone is stressed word in sentence or isn’t.  

Summary, vowel allophones can be divided into four 
groups: 

1) Stressed vowel allophones in accented word 
2) Stressed vowel allophones in not accented word 
3) Not stressed vowel allophones in accented word 
4) Not stressed vowel allophones in not accented word 

3. Sentence synthesis with intonation 
In application, that is the main theme of this paper, we 
describing two ways of natural voice synthesis:  

• merge allophones to intonated sentence and then play it 
• play intonated sentence allophone-by-allophone (using 

DirectSound 8.0 technology) 
Before synthesis every allophone may be transformed 
according to previously aligned parameters naturally.  

Playing intonated sentences allophone-by-allophone with 
DirectSound technology has some advantages, e.g.: we don’t 
need merging allophones to play intonated sentence, because 
output sound quality is the same as merged sentence from 
allophones. Additional feature of playing sentence allophone-
by-allophone is possibility change parameters of output sound 
format during playing procedure. By this feature we’re able to 
increase or decrease speed of actual playing allophone. 

 
Both methods of playing sentences with intonation as 

given below (Fig. 2): 
 

 

Figure 1: Playing sentence from merged allophones 

 

Figure 2: Playing sentence allophone-by-allophone 

3.1. Allophone’s signal transformations 

As given in Fig. 2 and Fig. 3 we have the same block named 
“Transform suitable allophones”. Fig. 4 shows schema of 
allophone speech signal transformation procedure. 
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Figure 3: Allophone transformation block’s scheme 

 
This marked blocks is the main parts of our synthesis 
application, which realizing intonation effects for output 
speech signal. We propose manipulate of speech signal 
(allophone) in two domains: time and frequency. For each 
domain we can modify suitable parameters: fundamental 
frequency, time duration and amplitude – time domain, band-
pass characteristics – frequency domain. 

Each info parameter, thanks to application’s interface, can 
be set manually. We’re doing transform only for suitable 
vowel allophones because most of them don’t take 
participation in voice intonation. 

3.2. Time domain transforms 

In time domain we have possibility of three parameters 
transforms: fundamental frequency F0, allophone’s time 
duration and it volume. 

To manipulate of fundamental frequency we use reducing 
of periods technique, which cause decrease of signal length 
(time). From F0 information parameter we can compute 
amount of samples which needs be replaced by smaller or 
greater group of average samples. That approach lead to 
increase or decrease of fundamental frequency and 
automatically introduce changes in time duration. If we need 
to compute F0 for given vowel allophone we can use 
following method. A reliable and simple way for estimate of 
fundamental frequency for long, clean, stationary speech 
signals is to use the cepstrum.  

The cepstrum is a Fourier analysis of the logarithmic 
amplitude spectrum of the signal: 

          ( )( )XWFFTIFFTC fun *log10=                   (1) 

where 
X - input allophone signal, 
IFFT – Inverse Fast Fourier Transform, 
Wfun - Hamming window function. 

           ( ) 





−=

N
nnW fun

π2cos46.054.0                   (2) 

where 
 N – length of output Hamming window. 
 

To estimate of the fundamental frequency from the 
cepstrum we look for a peak in the frequency region 
corresponding to typical speech fundamental frequencies (50 
Hz – 600 Hz). 

 

Figure 4: Waveform and corresponding cepstrum 

 
Manipulation of vowel allophone time duration is more 
complexity than amplitude. In this case we need estimate 
vowel’s period and respectively add or subtract it from speech 
signal. 

To obtain effect of increasing or decreasing vowel’s time 
we using popular speech processing algorithm for changing 
the timescale of speech by deleting or duplicating entire pitch 
cycles called SOLA (Synchronized Overlap-Add). One 
variant (SOLAFS), described in [7], finds windows at varying 
locations in the original sound to align with a fixed synthesis 
window rate, matching them within constraints by cross-
correlation.  

Fig. 5 and Fig. 6 given example of vowel allophone 
(waveforms) named “o0110” before and after SOLAFS 
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procedure. The allophone time duration was decreased twice 
– from 35 to 70 milliseconds. 

Figure 5: Allophone before SOLAFS transformation 

 

Figure 6: Allophone after SOLAFS transformation 

Joining together methods of F0 manipulation and time 
duration transforms we can obtain vowel allophones with 
settled length and tone. 

Signal amplitude manipulation is less complicated. From 
amplitude info we obtain which part of signal vowel’s 
allophone must be played stronger or weaker. We divide 
allophone into several frames and scaling amplitude of 
allophone’s samples for each suitable frame. 

3.3. Frequency domain transforms 

Signal conversion from time domain into frequency domain 
was obtained through FFT (Fast Fourier Transform) – most 
popular and efficient algorithm to calculate DFT (Discrete 
Fourier Transform).  

Band-pass frequency transform is basing on filtering input 
fragment of allophone signal and increase or decrease energy 
of suitable band. In other words, we’re doing equalization of 
input signal according with info parameter. In our project 
equalization is doing on following bands: 

• 0 – 60 Hz, 

• 60 – 170 Hz, 

• 170 – 310 Hz, 

• 310 – 600 Hz, 

• 600 – 1000 Hz, 

• 1 – 3 kHz, 

• 3 – 6 kHz, 

• 6 – 100 kHz. 

4. Discussion 
Taking all of above described techniques we building the 
object-oriented Win32 PC application with Microsoft Visual 
C++ .NET environment. At first time, some parts of 
application were implemented with MATLAB, propriety 
verified and then translated into C++ programming language, 
which is much faster, professional and elastic. 

General application’s window has following construction 
(Fig. 7): 

 

Figure 7: Main window of the application 

After select suitable vowel allophone at left sentence tree we 
have access to controls which they permit to manipulating of 
signal parameters. Figures 8 a 9 shows these interface 
fragment. 

 

Figure 8: Interface to signal manipulating in time 
domain 
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Figure 9: Interface to signal manipulating in 
frequency domain 

Application allows to playing output sentence with four 
formats (including play with DirectSound 8.0 technology). 
Fragment of application’s interface that allows this is given in 
Figure 10 given below: 

 

Figure 10: Interface to playing original and intonated sentence 
 
Additionally, the application allows of display merged 
sentence in one of three views: as a waveform, spectrogram or 
a F0 line. 

5. Conclusions and Future Work 
In this paper we presented the application to modify vowel 
allophone parameters for obtain intonation effect in Polish 
language speech synthesis. Correct and natural automatic 
synthesis of intonation is very difficult to accomplish. A 
person, pronouncing a sentence, knows exactly what he is 
trying to say and knows the meaning of words he uses. A lot 
of information is communicated through the accurate prosody 
of the spoken text. 

The obtained results can be applied in further research in 
linguistics, especially, in the study of phonetics and prosody 
of the Polish language, in expanding the theoretical and 
practical framework for multilingual speech communication 
systems. 

Very important advantage of described application is 
possibility of build sentence prosody database for Polish 
language. Thanks this, in future we may automatically do 
suitable transforms on vowel allophones in TTS systems for 
obtain intonated sentences. 

Second important extension of this work is a project of 
executing an opposite process which is speech recognizing 
and notation in the form of text. Conversion of the speech 
information into text: Speech-to-Text (STT). Recognition and 
synthesis methods of the audio-visual patterns will be 
developed. 
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