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A SYSTEM FOR EMBEDDING FIVE TYPES OF EMOTIONS IN SPEECH: USING TIME DOMAIN PITCH
SYNCHRONIZATION OVERLAP AND ADD (TDPSOLA)

MAMTA SHARMA
LECTURER
DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING
LOVELY PROFESSIONAL UNIVERSITY
PHAGWARA

MADHU BALA
LECTURER
DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING
LOVELY PROFESSIONAL UNIVERSITY
PHAGWARA

ABSTRACT

Speech is the primary means of communication between people .To interact with computer, more naturally embedding emotions in speech is a step in this
direction. The aim of the paper is to make an attempt to shed light on the way the system for embedding different emotions in the speech using the Time domain
pitch synchronization overlap and Add (TD-PSOLA), that is used to enhance the neutral vocal expressions impact through the use of this system, with some
required target emotions by selecting the modified parameters that will make humans perceive a targeted emotion in the way the system wants them to
understand. An experiment was performed using the Punjabi voices both male and female which led to clear and synthesized emotional speech by using the Time
domain pitch synchronization overlap and Add (TD-PSOLA). The experiment concludes with the findings that the system developed with the use of TD-PSOLA can
be successfully used to embed emotions in the input neutral speech leading to better human understanding and evaluation of emotional speech.

KEYWORDS

Embedding Emotion, Speech, Speech Modeling, Time Domain Pitch Synchronization.

1. INTRODUCTION
his Paper concerns the process of embedding an emotion in the speech using Time Domain Pitch Synchronization Overlap and Add (TDPSOLA). The goal
was to modify the pitch of the speech that can portray emotion with different levels of intensity. To achieve this, the system was based on theoretic
frameworks developed by Psychologists to describe emotions.
The basic goal is to perform synthesize the speech so that it sounds naturally. To increase the naturalness of the synthesized speech, the synthesized speech
should deliver certain content in right emotion therefore making the speech and content more believable. Emotions can make the interaction with the computer
more natural because the system reacts in ways that the user expects. Embedding emotion to the speech is a step in this direction. In this paper it is described
that recognition for synthesis system is to automatically select a set of possible parameter values that can be used to resynthesize emotional speech. The system
deals with the synthesis using TD-PSOLA. The modification of the input speech is only prosody modifications.

2. LITERATURE REVIEW

2.1 SPEECH PRODUCTION

Speech sounds are produced by causing modulation of the airflow through constrictions in the airways between the larynx and the lips. This modulation of the
flow gives rise to the generation of sound. The acoustic process involved in production of speech sounds can be modeled as in Fig-1 shown under the figures
section.

When the vocal folds are appropriately positioned and the pressure is raised in the airways below the glottis, the folds are set into vibration and the airflow
through the glottis is modulated periodically. The spectrum of this modulated flow is rich in harmonics. The frequency of vibration of the vocal folds during
normal speech production is usually in the range 80-160 Hz for adult males, 170-340 Hz for adult females, and 250-500 Hz for younger children [14].

The transfer function of the vocal tract for vowels has a relatively simple form for the special case in which the area function is uniform, the acoustic losses are
neglected, and the radiation impedance at the mouth opening is assumed to be small. For a cylinder tube of length x, this transfer function is expressed as
equation (Eg-1).The velocity of the sound, v, at body temperature is 354 m/s, and the length of a typical adult male vocal tract is 0.17 m [14]. For male speech
the normal range of variation is F1 = 180-800 Hz, F2 = 600-2500 Hz, F3 = 1200- 3500 Hz, and F4 = 2300-4000 Hz. The average distance between formants is 1000
Hz. Females have on the average 20% higher formant frequencies than males, but the relation between male and female formant frequencies is nonuniform and
deviates from a simple scale factor [3].

2.2 SPEECH MODELING

2.2.1 SOURCE FILTER SPEECH MODELING

A rather useful model of speech production consists of a filter that is excited by either a quasiperiodic train of impulses (for voiced sounds) or a random noise
source (for unvoiced sounds). The source-filter model realized by electrical circuits was first proposed by H. Dudley at Bell Laboratories in the 1930s [4]. At
present, two types of the source-filter models are useful for speech processing: the all-pole model known as the autoregressive (AR) model, and the pole-zero
model known as the autoregressive moving average (ARMA) model [5]. The AR model of a vocal tract is well known in speech processing as a linear predictive
coding (LPC) model [6]. Another type of the source-filter speech model is the cepstral model using homomorphic signal processing based on the idea of the log
magnitude approximation filter.

2.2.2 SINUSOIDAL SPEECH MODELING

2.2.2 (a) SINUSOIDAL MODEL IN SPEECH CODING AND SYNTHESIS

When compared with the source-filter model, a rather different approach represents that a sinusoidal speech model is simple because it models the speech
signal as a sum of sine waves with defined frequencies, amplitudes, and phases. Perhaps, the first most detailed description of speech analysis/synthesis based
on a sinusoidal model was presented in 1986 by R. J. McAulay, and T. F. Quatieri [7], [10], although some information about sinusoidal and harmonic coding and
synthesis had been published a few years before also by other authors. In this model, first in every frame the amplitudes are computed from the local maxima of
the magnitude spectrum and the phases are determined from the phase spectrum at the corresponding frequencies. However, this model cannot be used for
speech synthesis or speech coding at low rates because of a very high number of sinusoidal parameters.

In [8] the authors propose the overlap-and-add (OLA) method with triangular, Hanning, or trapezoidal window instead of a computationally expensive matching
algorithm with linear interpolation of amplitudes and cubic interpolation of phases. The sinusoidal model is suitable for prosodic modifications that are
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necessary in the text-to-speech (TTS) systems.A time-scale and pitch modification system that preserves shape-invariance property during voicing is done using a
version of the sinusoidal analysis/synthesis system modeling and independently modifying the phase contributions of the vocal tract and the vocal chord
excitation [11]. In the sinusoidal model was compared with a code-excited linear prediction (CELP) concluding with complementarity of the two methods. The
authors state that an ideal coder should be able to combine the noise-free quality of sinusoidal models with the robust analysis-by- synthesis procedures of CELP
coders [9].The harmonic sinusoidal analysis is used to encode the periodic part of speech and to split the speech spectrum into two frequency regions of
harmonic and random components.

Harmonic speech model is a multiband excitation (MBE) model. It uses an analysis-by-synthesis method, in which Voiced speech is synthesized from the voiced
envelope samples by summing the outputs of a band of sinusoidal oscillators running at the harmonics of the fundamental frequency. Unvoiced speech is
synthesized from the unvoiced envelope samples by first synthesizing a white noise sequence. Its normalized Fourier transform is multiplied by the spectral
envelope and then synthesized using the weighted OLA method.

Synthesis is also performed in a pitch-synchronous way using an OLA process. If the frame is voiced, the noise part is filtered by a high-pass filter with cutoff
frequency equal to the maximum voiced frequency. At AT&T Labs-Research, HNM was compared with a time-domain pitch-synchronous OLA (TD-PSOLA)
method [13]. TD-PSOLA relies on the speech production model described by the sinusoidal framework, although the parameters of this model are not estimated
explicitly.

2.3 INTRODUCTION TO SPEECH SYNTHESIS

Speech is the primary means of communication between people. Speech synthesis, automatic generation of speech waveforms, has been under development
for several decades. The text-to-speech (TTS) synthesis procedure consists of two main phases. The first one is text analysis, where the input text is transcribed
into a phonetic or some other linguistic representation, and the second one is the generation of speech waveforms, where the acoustic output is produced from
this phonetic and prosodic information as in Fig-2.

2.4 EMOTIONS IN SPEECH

There are four basic traditions in emotion research in Psychology [1]. Each theory focusing on different components and making different assumptions on what
is important for describing an emotion.

2.4.1 THE DARWINIAN PERSPECTIVE

Charles Darwin in his book The Expression of Emotion in Man and Animals laid the groundwork for much of modern psychology and also for emotion research.
He describes emotions as reaction patterns that were shaped by evolution. This implies that emotions are common in all human beings and also that some
emotions might be shared with other animals.

2.4.2 THE COGNITIVE PERSPECTIVE

Cognitive emotion theories relate emotions to appraisal, which is the automatic evaluation of stimuli by low level cognitive processes. Scherer“s component
process model [15] makes physiological predictions relevant to speech from such appraisal processes.

2.4.3 THE SOCIAL CONSTRUCTIVIST PERSPECTIVE

In the social constructivist perspective, emotions are seen as socially constructed patterns that are learned and culturally shared [1]. Emotions have a social
purpose that regulates the interaction between people.

2.5 DESCRIPTIVE SYSTEMS OF EMOTIONS

This section is only supposed to give a quick overview over the two main description systems used by most researchers.

2.5.1 EMOTION CATEGORIES

Different emotion theories have different methods for selecting such basic emotion words. In a Darwinian sense the basic emotions have been evolutionarily
shaped and therefore can be universally found in all humans. There is a Jamesian extension that expects to find specific patterns for the basic emotions in the
central nervous system.

2.5.2 CIRCUMPLEX MODEL OF AFFECT

Instead of independent emotion categories, several researchers have described an affective space [12]. Russell has developed a circular ordering of emotion
categories that makes it straightforward to classify an emotion as close or distant from another one. By having subject’s rate similarity of different emotion
words and converting the ratings into angles, a circular ordering emerged as in Fig-3.

2.6 EMOTION IN SPEECH

Vocal expression has been recognised as one of the primary carriers of affective signals for centuries. Darwin in his pioneering monograph on the expression of
emotions in man and animals underlined also this importance of the voice as an affective channel. Notably, Scherer has done important work in his studies on
acoustic profiles. But many other studies have been undertaken that examine the relationship of vocal expression and emotion. To examine the vocal correlates
of emotions, one has to analyse a speech database. The source of the content of such a database has been widely debated.

2.6.1 SOURCES OF EMOTIONAL SPEECH

To obtain authentic emotional speech data is one the biggest challenges in speech and emotion research. The most frequently used and oldest method is to
have an actor portray certain emotions. This method has the advantage of control over verbal, phonetic, and prosodic speech content. Because only the
emotion is varied in the actors" portrayal, direct comparisons of voice quality and prosody between different affective states are feasible. Another advantage is
that it is easier to obtain expressions of full blown and extreme emotions.

The elicitation of authentic emotions in participants in a laboratory has been tried by number of researchers. There are a few techniques that are termed mood
induction procedures which can be used in different settings.

2.6.2 ACOUSTIC CORRELATES OF EMOTIONS

During evolution speech was added to a “primitive analog vocal signaling system”. This means that the study of speech parameters expressing emotions is very
complex. Acoustic parameters vary in their function of linguistic information carriers and non-verbal information carriers. Therefore it is not clear which
parameters should be measured. Parameters like voice quality are important carriers of emotion in speech but are very difficult to measure.

3. IMPORTANCE OF STUDY

This has many applications especially in the field of assisting blind and deaf people, speaker verification and security.

4. PROBLEM DEFINITION

Considering the wide range of possible modifications that can be applied on a speech signal to synthesize emotional speech, there is a need for a system that can
select the parameters that are expected to perform well, thus narrowing down the sample set that needs to be evaluated by human raters. Considering the
significantly different performances for different emotions, and the differences observed between human and machine perception of emotions, however, at this
stage we prefer to view the proposed automated evaluation more as a preprocessing step than a replacement to human evaluations.

One of the biggest challenges in embedding emotion in speech is the selection of modification parameters that will make humans perceive a targeted emotion.
The best selection method is by using human raters. However, for large evaluation sets this process can be very costly.

5. OBJECTIVE

The objective is to embed emotion in speech by using the time domain pitch synchronization Overlap and Add (TD-PSOLA). To do so we also require reading the
recorded speech wave and its different parameters and then create an environment in MATLAB to implement the complete process of embedding emotion in
speech using TD-PSOLA.
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6. HYPOTHESES

6.1 EMBEDDING EMOTION IN SPEECH

Different synthesis techniques allow control over voice parameters in varying degrees. In most previous systems, only three to nine full blown emotions were
modeled. These systems are:

6.1.1 RULE BASED SYNTHESIS

Rule based synthesis, also known as formant synthesis, creates speech through rules of acoustic correlates of speech sounds. Although the resulting speech
sounds quite unnatural and metallic, it has the advantage that many voice parameters can be varied freely.

6.1.2 DIPHONE SYNTHESIS

Diphone synthesis uses recorded speech that is concatenated. The Diphone recording is usually made in a monotonous pitch and an FO contour is generated
through signal processing at synthesis time. This technique allows only limited control over voice parameters.

6.2 SPEECH SYNTHESIS TECHNIQUES AND ALGORITHMS

Synthesized speech can be produced by several different methods. The methods are usually classified into three groups. Articulatory synthesis, which attempts
to model the human speech production system directly. Formant synthesis, which models the pole frequencies of speech signal or transfer function of vocal
tract based on source-filter-model. Concatenative synthesis, which uses different length prerecorded samples derived from natural speech.

6.3 PSOLA METHODS

It is actually not a synthesis method itself but allows prerecorded speech samples smoothly concatenated and provides good controlling for pitch and duration.
There are several versions of the PSOLA algorithm.

Time-domain version, TD-PSOLA, The basic algorithm consist of three steps ( Charpentier et al. 1989, Valbret et. al 1991). The analysis step where the original
speech signal is first divided into separate but often overlapping short-term analysis signals (ST), the modification of each analysis signal to synthesis signal, and
the synthesis step where these segments are recombined by means of overlap-adding. Short term signals xm(n) are obtained from digital speech waveform x(n)
by multiplying the signal by a sequence of pitch-synchronous analysis window hm(n) as expressed in equation (Eg-8). The windows, which are usually Hanning
type, are centered around the successive instants tm, called pitch-marks. These marks are set at a pitch-synchronous rate on the voiced parts of the signal and at
a constant rate on the unvoiced parts. The used window length is proportional to local pitch period and the window factor is usually from 2 to 4 (Charpentier
1989, Kleijn et al. 1998). The pitch markers are determined either by manually inspection of speech signal or automatically by some pitch estimation methods
(Kortekaas et al. 1997). The segment recombination in synthesis step is performed after defining a new pitch-mark sequence. Manipulation of fundamental
frequency is achieved by changing the time intervals between pitch markers as in Fig-4. The modification of duration is achieved by either repeating or omitting
speech segments. In principle, modification of fundamental frequency also implies a modification of duration (Kortekaas et al. 1997).

Another variations of PSOLA, Frequency Domain PSOLA (FD-PSOLA) and the Linear-Predictive PSOLA (LP-PSOLA), are theoretically more appropriate approaches
for pitch-scale modifications because they provide independent control over the spectral envelope of the synthesis signal (Moulines et al. 1995). FD-PSOLA is
used only for pitch-scale modifications and LP-PSOLA is used with residual excited vocoders. Some drawbacks with PSOLA method exists. The pitch can be
determined only for voiced sounds and applied to unvoiced signal parts it might generate a tonal noise (Moulines et al. 1990).

6.4 Linear Prediction based Methods

Linear predictive methods are originally designed for speech coding systems, but may be also used in speech synthesis. In fact, the first speech synthesizers were
developed from speech coders. Like formant synthesis, the basic LPC is based on the source-filter-model of speech. The digital filter coefficients are estimated
automatically from a frame of natural speech.

The main deficiency of the ordinary LP method is that it represents an all-pole model, which means that phonemes that contain antiformants such as nasals and
nasalized vowels are poorly modeled. The quality is also poor with short plosives because the time-scale events may be shorter than the frame size used for
analysis. With these deficiencies the speech synthesis quality with standard LPC method is generally considered poor, but with some modifications and
extensions for the basic model the quality may be increased.

7. RESEARCH METHODOLOGY

7.0 OVERVIEW OF TIME-SCALING TECHNIQUES

7.1 TIME DOMAIN TECHNIQUES: TIME-SEGMENT PROCESSING

In time-segment processing, the basic idea behind the time-stretching technique is to divide the input sound into segments, then if the sound is to be shortened,
some segments are discarded, or if the sound is to be lengthened, some segments are repeated. In general, all time-segment processing techniques are based on
overlapping and adding adjacent segments extracted from the input signal.

7.1.1 OVERLAP-ADD (OLA)

Overlap-add (OLA) techniques are generally the most computationally inexpensive of all the time-scaling techniques since the basic algorithm requires only
simple read/write pointer manipulation and accumulate instructions. For basic time-scale compression, small windowed segments are extracted at time ti and
added to the output at time t'; = at; where a is the time scale factor. The main artifact from the OLA technique comes from the amplitude and phase
discontinuity at the boundary of the segments which causes pitch period discontinuities and consequent distortions that are detrimental to signal quality.

7.1.2 SYNCHRONOUS OVERLAP-ADD (SOLA)

One strategy for reducing the artifacts associated with the OLA technique is to modify the offset for placing each time-segment within a small range around the
time-scale factor offset so that the cross-correlation between the overlapping samples is maximized for each pair of overlapping segments. This technique is
referred to as Synchronous Overlap-Add (SOLA). The SOLA technique does a much better job at preserving the pitch, magnitude and phase relationships of the
time-scaled signal.

7.2 SIGNAL MODEL ANALYSIS/SYNTHESIS

Signal modeling techniques model sounds as a sum of elementary sinusoidal components called partials. These techniques start by extracting partials, in the
form of time dependent magnitude and instantaneous phase data, from a signal via time-frequency analysis, usually a Fourier transform based analysis, such as
the short-time Fourier transform (STFT). The decomposition into individual partials is expressed in the additive synthesis equation (Eg-2). The instantaneous
phase and instantaneous frequency are related by equation (Eg-3).

As its name implies, the additive synthesis expression is used to synthesize a signal from the time dependent magnitude and instantaneous phase data. Time-
scaling is then achieved by modifying the phase and magnitude data before synthesizing. The modification is a time mapping function . To time-stretch a signal,
we set >1, or to compress in time we set <1. The time-scaled signal is thus expressed as equation (Eq-4).

7.3 TIME-DOMAIN PITCH-SYNCHRONOS OVERLAP ADD (TD-PSOLA)

Time-Domain Pitch-Synchronous Overlap and Add (TD-PSOLA) is a variation of the SOLA technique in which the signal is first analyzed to identify local pitch
across the signal, and local pitch information is used to adjust a variable segment size parameter, and a variable segment offset parameter to preserve the local
pitch (fundamental frequency) while achieving a desired time-scale change.

Considering a periodic signal s(n), it is possible to get pitch modified version of s(n) by summing OLA frames si(n), extracted from the weighted window w(n), and
changing the time-shift between frames from the original pitch period TO to the desired one T expressed as equation (Eg-5).

If T#TO, the operation results, again according to the Poisson Formula, in a re-harmonization of the spectrum of si(n) with the fundamental frequency 1/T can be
described as equation (Eg-6).

Consequently, w (n) can be chosen so that the spectrum of si(n) closely matches the envelope spectrum of s(n). So the stated process provides a simple and
efficient way to change the pitch of a periodic signal. Synthesizing speech is still not perfect, but the simplicity and efficiency has been increased with PSOLA. For
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T=TO0 the equation simply results in reconstructed signal which is proportional to the original signal as equation (Eg-7). The TD-PSOLA algorithm block diagram is
under the section figures (Fig-5).

8. RESULTS & DISCUSSIONS

The experiment is performed on Punjabi voices both for male and female. We achieved very clear synthesized emotional speech through TD-PSOLA for many
cases. The TD-PSOLA method is not effective for stochastic speech signal as the frequency domain peak-picking cannot estimate a modulation rate in the
aspiration noise source. The threshold value is still not perfect as we do more testing on different voices and utterances using TD-PSOLA. The pitch marking of
the wave is very limited to the testing voices as figures are shown under the section figures.

9. FINDINGS

The results show that the proposed system is promising for selecting parameters for embedding emotional in speech. Considering the significantly different
performances for different emotions, and the differences observed between human and machine perception of emotions, however, at this stage we prefer to
view the proposed automated evaluation more as a preprocessing step than a replacement to human evaluations.

10. RECOMMENDATIONS AND SUGGESTIONS

With the application of neural network we can improve the artificial sound of the synthesized speech by adding emotion to it. The emotional synthesis speech
will sound more natural with the neural network trained speech signals. The parametric behavior of the speech will get more accurately tuned for embedding
emotion in the speech resynthesis.

11. CONCLUSIONS

The system, developed with supervised training, consists of synthesis (TD-PSOLA). The experimental results show evidence that the parameter sets selected by
the system can be successfully used to embed emotion in the input neutral speech, demonstrating that the system can assist in the human evaluation of
emotional speech.

12. SCOPE FOR FURTHER RESEARCH

Our future research will be directed towards the design of more robust systems, more sophisticated parameter modifications, and experimenting with different
parameter selection techniques and additional emotions and embedding emotion in a stochastic speech.
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14. APPENDIX

MATLAB IMPLEMENTATION

MATLAB FILES:

. detect_vuv.m : it perform s the detection of voiced and unvoiced samples in speech wave.

. energy.m : it calculates the energy of the input frames of speech wave.

. find_pmarks.m : it calculates and marks the pitches at the peaks in the short time energy function.
. plot_pmarks.m : it plots the pitch marked by the ,find_pmarks.m™.

. tdpsola.m : it performs the time domain pitch synchronous overlap add function for embedding emotion in speech.
. test.m : integrated file to perform the whole process with an ease.

window.m : it calculates the windowed coefficients of the speech frames passed through window.
. zerocr_frm.m : it calculates the average zero crossing rate of the input speech frames.
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15. FIGURES & TABLES
FIG-1: REPRESENTATION OF SPEECH SOUND PRODUCTION
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FIG-2: SIMPLE TEXT-TO-SPEECH SYNTHESIS PROCEDURE
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FIG-3: CIRCUMPLEX MODEL OF AFFECT AS DESCRIBED BY RUSSELL (1980)
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FIG-9: TD-PSOLA WAVEFORM OF THE INPUT WAVE
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