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Abstract: The inclusion of emotional aspects into speech can improve the naturalness of speech synthesis system. 
The different emotions - sadness, angry, happiness are manifested in speech as prosodic elements like time 
duration, pitch and intensity. The prosodic values corresponding to different emotions are analyzed at word as well 
as phonemic level, using speech analysis and manipulation tool PRAAT. This paper presents the emotional 
analysis of the prosodic features such as duration, pitch and intensity of Malayalam speech.  The analysis shows 
that duration is generally least for anger and highest for sadness, where as intensity is highest for anger and least 
for sadness. A new prosodic feature called rise time/fall time which can capture both durational and intensity 
variation, is introduced. The pitch contour which is flat for neutral speech shows significant variation for different 
emotions.  The detailed analysis considering the duration of different phonemes reveals that the duration variation 
is significantly more for vowels compared to consonants.  
Key words: Emotion analysis, Malayalam Language, Prosody, Text-to-speech synthesis. 

 

INTRODUCTION 
 When we listen to spoken message, it is not only 

the linguistic information that we perceive. We are 
sensitive to extra linguistic information about the 
identity and the state of the speaker as well as to 
paralinguistic information about the speaker’s intention 
underlying the utterance. Often the extra linguistic 
information manifested as the manner of speech, 
carries a lot of information. The emotional and physical 
states of a speaker are known as emotional aspects of 
speech. The incorporation of emotional features can 
greatly improve the performance of speech synthesis as 
well as recognition systems (Dimitrois Ververidis et al). 

In most of the TTS systems the improvements of 
quality of speech synthesis are aimed at simulating 
neutral speech, reading a neutral text in a neutral 
speaking style. Hence the synthetic voice is rather 
monotonous (J M Montero et al).The inclusion 
emotional effects can results in expressive speech, 
decreasing the monotony of synthetic speech.  

The emotional aspects are manifested in speech 
mainly as change in prosodic parameters: pitch, 

duration and intensity (O. Al-Dakkak et al). Prosody is 
the intonation, rhythm, and lexical stress in speech 
(Giedrius Norkevius et al). The acoustical changes caused 
due to emotions are language dependent, so it is 
necessary to perform analysis for each language. A lot 
of researches are going on in the field of emotional 
analysis and recognition. (C.M. Lee et al, Dimitrois 
Ververidis et al). 

In Malayalam, emotional speech analysis has not 
been carried out previously. In this paper prosody 
analysis for emotional speech in Malayalam is carried 
out including four emotions: happiness, neutral (with 
out emotion), anger, and sadness, using speech analysis 
and manipulation tool PRAAT( Pascal van Lieshout et 
al).  

The analysis is mainly focused on the prosodic 
parameters pitch, intensity and time duration. The pitch 
and intensity analysis is carried out in sentence and 
word level only because the pitch and intensity 
information is varying in the whole length of the 
speech sample with emotion. Where as the duration of 
each phoneme gets modified with linguistic factors as 
well as with emotion. Hence the duration analysis is 
performed in phoneme (basic unit of a speech signal)  
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Method of 
speech 
production 

Khara
m-
simpl
e 

Unvoiced 

Athikharam 
aspirated 
(kharam+’ha’)
Unvoiced 

Mrudu 
Voiced 

Khosham- 
Voiced 
+Aspirated  

(mrudu+’ha’) 

Anunasi
kam  
Voiced  

(oral + nasal 
cavity) 

Manner of articulation 

Gutturals k kh g gh ~N back of  the tongue raised against 
the velum or soft palate back of  the 
tongue raised against the velum or 
soft palate 

Palatals ch Ch j jh ~n tongue touches the hard palate 

Cerebrals T Th D Dh N tip of the tongue curls upward and 
presses against the hard palate 

Dentals t th d dh n place of contact is the teeth 

Labials p ph b bh m Constriction at the lips is used for 
the production of phonemes 

Table1. Classification of stop consonants  
 

level as well. The duration variation of vowels 
and analysis shows that the duration variation with 
emotion is more in vowels than consonants. Based 
on the results, prosody models can be developed to 
predict the values of prosodic parameters such as 
pitch, duration and intensity. A new parameter rise 
time ⁄ fall time is introduced, which can capture 
both the intensity and duration information of 
emotional speech. The analysis and modeling using 
this new prosodic parameter, is expected to produce 
better systems for synthesis and recognition of 
emotional speech.   

This paper is organized as follows. Section 2 
describes the phonetic nature of the language and 
section 3 briefs the data base used for emotional 
analysis. Section 4 describes the analysis of 
prosodic values followed by section 5 which is 
discussion on results.  Section 6 concludes the 
paper. 

1. Phonetic nature of the language 
Malayalam, like most of the other Indian 

Languages, is a phonetic language having a written 
form that has direct correspondence to the spoken 
form. Each character corresponds to a syllable, 
which has an invariant pronunciation irrespective of 
the context in which it occurs (with only one or two 
exceptions). Due to the one to one correspondence 
between letters and phonemes, framing rules for 
extracting phonemes from words is comparatively 
uncomplicated. The phonemes (called ‘varnams’ in 
Sanskrit) are divided into two types: vowel 
phonemes (swara varnam) and consonant phonemes 
(vyanjan varnam). They together broadly constitute 
the Varnamala (alphabet set). The orthographic 
representation of these varnams is done in a 
systematic way. While ‘Swara Varnam’ is self-

powered and it is not dependent on any other 
element, the ‘Vyanjana Varnam’ however, needs an 
addition of ‘Swara Varnam’ to compose a syllabic 
entity. The ‘Swara Varnam’ also called ‘nadi’ (one 
that produces sound) are all voiced sounds while 
the ‘Vyanjana Varnam’ also called as ‘swasi’(one 
that producing swasam or flow of air) can be voiced 
or unvoiced. The combination of consonant 
phoneme and a vowel phoneme produces a syllable 
(akshara). The phonemes when combined as C...C 
+ V or only V form complete phonetic cluster. In 
other words each letter is formed of either a vowel 
or a vowel in combination with one or more 
consonants. 

The Varnamala or alphabet set is phonetically 
structured. The vowels and consonants are 
separately grouped and systematically arranged 
[Vidyalankar  Anil, Jan.2002] .The set of 16 vowels 
forms the first row of varnamala followed by stop 
consonants, arranged in the form of a table. In the 
table the phonemes are categorized according to the 
method of speech production and articulation 
[Table1]. The row wise arrangement is according to 
the manner of articulation, whereas the column 
wise arrangement is according to the method of 
speech production. The fricatives, semivowels etc. 
are grouped separately as a miscellaneous set. The 
phonetic nature of the language and the systematic 
categorization of the alphabet set can be effectively 
used for analysis and modeling. 

2. Malayalam Emotional Data Base 
The database consists of 10 sentences and 100 

words spoken by two male and ten female actors in 
four speaking styles (sadness happiness, anger and 
neutral).The total number of words in the data base 
is 1200. The words and sentences are selected so as 
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to include all the frequently occurring combinations 
of vowels and consonants. The selected phonemes 

represent the different categories as given in the 
linguistic structure of the alphabet set. 

 

 
Figure1. Wave form, Pitch contour, Duration and Intensity of the sentence /adi kollum/ for different emotions

3.  Prosodic Values 
In order to produce emotional speech by 

modifying natural spoken units it is necessary to 
extract basic parameters that describe emotions. 
The main prosodic features usually extracted for 
emotional analysis are pitch intensity and duration. 
Along with this a new feature rise time ⁄ fall time is 
introduced for analysis. The rise time is defined as 
the time taken for the intensity of the speech sample 
to rise from 50dB to 60dB.  

Figure1.shows the wave form, pitch contour, 
duration and average intensity of the word/adi 
kollum/ uttered in different emotions, by the same 
person. From the plot it can be seen that the 
prosodic features show distinct variation for 
different emotions in comparison with neutral 
speech.  

3.1. Time Duration 
The variation of duration with different emotions 

can be observed in the wave form plot as well as in 
vertical bar graph (Fig 2). In comparison with 
neutral speech (643ms), the duration of speech 
increases for happiness and sadness (728ms and 
1075ms respectively), where as duration reduces 
considerably for anger (503 ms). The duration 
pattern varies from person to person, but different 
emotions show general trends. Table 2 gives the 
duration of the speech of three persons, uttering 
three words in different emotions, as percentage in 
terms of neutral speech. Neutral speech is taken as 

100% and the duration of speech with each emotion 
is given, in terms of the duration of neutral speech 
(% duration = duration with emotion x 100 / neutral 
duration). It can be seen that even though the 
percentage is different for the three persons, the 
general trend is same for each of the emotions. 
When we articulate sentences in different emotions 
certain words carry more of emotional information 
where as certain other words are comparatively less 
affected. Table 3 gives duration percentage of 
words in three short sentences spoken in different 
emotions. 

In order to synthesize emotional speech in rule 
based approaches, rules have to be framed to alter 
the duration of individual phonemes. Hence the 
duration analysis is extended to phonemic level. All 
the 800 words in the data base were segmented and 
transcribed at phoneme level using PRAAT as in 
Figure 3 and the duration of each phoneme is 
measured and tabulated. Table 4 gives the duration 
values of phonemes in the word ⁄amma ⁄. It can be 
seen that phonemes also follow the general trend of 
duration variation for different emotions.  

Angry< Neutral < Happy < Sadness 

The transcribed database consists of all 
representative categories of phonemes (vowels, 
voiced /unvoiced and or aspirated / in aspirated 
emotions nasal consonants fricatives etc).The 
representative phonemes are selected based on the 
linguistic structure of the alphabet (Table1). The 
duration of each phoneme in different words uttered 
in different emotions is measured and tabulated. 
This is repeated for all the phonemes. To study the 
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distribution of the duration values for different 
persons for different emotions, box plot is used. 
Figure 4 gives box plots of duration values of two 
phonemes (vowel /a/ and nasal consonant /m/).  

 
Table 2: Duration of words uttered by differe-ent 
persons in different emotions (% change in 
comparison with neutral speech) 
Words  Emo-

tion  
1

st 
Per-

son  
2

nd 

Person  
3

rd 

Person  
Angry  92  72  94  

happy  132  139  129  

/enthina/  

sad-ness  162  163  144  

Angry  92  76  84  

happy  111  101  101  

/amma/  

sad-ness  124  166  121  

Angry  92  70  93  

happy  118  107  120  

/kavita/  

sad-ness  126  141  134  

 
Table 3: Duration of different words in a sen-tence 
(% change in comparison with neutral speech) for 
different emotions.  
 
Sentence  emotion /adi/  /kollum/  

Angry  83  73  

happy  120  102  

/adi kollum/  

sadness  166  196  
                       /jeya/  /vannirunno/  

Angry  57  73  
happy  106  103  

/jeya 
 van-nirunno/  

sadness  150  127  
               /manninte/  /manam/  

Angry  76  81  
happy  111  107  

/manninte  
manam/  

sadness  158  160  
  
Table 4: Duration of Phonemes in the word  
/amma/ (ms) for different emotions. 
 

               Phonemes  
Emotion a mm a 
Neutral 142 190 232 
Angry 78 149 181 
happy 144 141 242 
sadness 226 192 260 

 
Box plot is a graphical way of looking at the 

distribution of the data in different groups. Box plot 
produces a box and whisker plot for each group. 
The box extends from the lower quartile to the 
upper quartile and has lines at the lower quartile 
(the 25th percentile), median (the 50th percentile), 
and upper quartile (the 75th percentile) values. 
Probability for the data to fall in the range below 
25th percentile is 25 per cent, to fall in between 
75th percentile and 25th percentile is 50 per cent 
and to fall above 75th percentile is 25 per cent. 
Hence, probability of falling in the ‘box’ is the 
biggest with 50 per cent. The whiskers are lines 
extending from each end of the box to show the 
extent of the rest of the data. Each whisker extends 
to the most extreme data value within 1.5 inter- 
quartile range of the box. Inter-quartile range is the 
difference between the 75th percentile and 25th 
percentile and it is a measure for the spread. 
Outliers are data with values beyond the ends of the 
whiskers. From the box plots it can be seen that for 
vowel /a/ 50% of values falls in the range of 80ms 
to 120ms for neutral, 60ms to 85ms for angry and 
100ms to 120ms for sad.  

    For consonant /m/ the 50% of values lies 
between 75 to 88ms for neutral, 60 to 77ms for 
angry and 68 to 90ms for sad. The phoneme level 
analysis, categorizing vowels and consonants 
separately yields another important result. The total 
duration spread of vowels is significantly higher 
than that of consonants. For example from the box 
plots, it can be seen that for the vowel /a/, the total 
spread is 100ms (50ms to 150ms), whereas for the 
consonant /m/ it is only 30ms (60ms to 90ms). This 
means that, the vowels are having considerably 
more variation in duration compared to 
consonants. The significance of this result is that 
in order to manipulate emotions, rules may be 
framed primarily for vowels only.  

3.2.  Intensity, Pitch and rise time ⁄ fall time 
   From the intensity contour in figure1, it is 

clearly seen that sad emotion is articulated with 
minimum intensity where as angry has maximum 
intensity.  

Angry > happy > neutral > sad 

The results in Table 5 confirms that the average 
intensity of a word is least for sad and maximum 
for angry. The average pitch values for different 
emotions are generally higher than that of neutral 
speech (Table 6). The maximum values of intensity 
and pitch for the same word are listed in Table 7. 
The plot of different prosodic values for the word 
/kavitha/ is given in figure 5, and the duration 
change of vowels and consonants of the same with 
three different emotions is shown in figure 6. 
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Figure2. Durational  change of word ⁄ kavitha ⁄ 
for different emotions.

 
The Pitch contour of neutral speech is flat and is 

of minimum value as seen in figure 1. The rise time 
and fall time of emotions compared to neutral 
speech shows that (Figure 5), for angry speech the 
rise time and fall time is lesser than neutral speech, 
whereas for sad speech the rise time is greater than 
neutral speech. 

Table 5: Average intensity variation for different 
emotions (% in comparison with neutral speech)  
 

         samples emotion intensity 
Angry 118 
happy 110 

 
     /adi kollum/ 

sadness 95 
   

Angry 120 
happy 105 

    
 /jeya vannirunno/ 

sadness 95 
 

Figure 3.Pitch contour, Duration and Intensity of the word /kavitha/ articulated in ‘happy ‘emotion. 

Figure 4. Box plots of the duration of consonant /m/ and vowel/a/ 
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Table 6: Maximum Intensity and maximum pitch 
variation of different words (% in comparison with 
neutral speech) for different emotions  

    samples emotion intensity pitch 
Angry 117 147 
happy 103 148 

 /jeya  
vannirunno/ 

sadness 94 133 
    

Angry 117 154 
happy 112 141 

 
  /adi 
kollum/ sadness 94 159 
    

Angry 113 152 
happy 106 172 

   
 /manninte 
manam/ sadness 97 162 

 
Table 7: Average Pitch variation for different 
emotions (% in comparison with neutral speech) 

 

           samples emotion Pitch 
Angry 172 
happy 115 

 
          /amma/ 

sadness 173 
   

Angry 182 
happy 146 

  
        /kavitha/ 

sadness 172 
   

Angry 143 
happy 126 

 
       /adi kollum/ 

sadness 147 
   

Angry 133 
happy 142 

    
/jeya 
vannirunno/ sadness 143 
 
 
 
 
 
4. Discussion on results 
 

The results on emotional analysis of Malayalam 

confers to the general trend of prosodic patterns for 
different emotions (R Cowie et al, 2001).From 
phonemic level analysis, rules can be framed for 
different phonemes for prosodic modifications. For 
example to induce anger duration has to be reduced 
and intensity and pitch has to be increased. Due to 
the phonetic categorization of the alphabet set, rules 
need to be framed only for each category of 
phonemes. The phonemes in each category share 
similar phonetic features. This reduces the 
complexity of prosodic modeling as well as the 
framing of rules for synthesis. These results can be 
extended to any Indian Language, since all Indian 
Languages share common phonetic base. 

From the manner of articulation of different 
emotions it can be presumed that, the rise time and 
fall time can capture a lot of emotion information 
more than any other prosodic parameter. For angry 
speech intensity is highest and duration is lowest, 
whereas for sad speech intensity is lowest and 
duration is highest. These two features can be 
captured by the single parameter, rise time/ fall 
time. The introduction of this parameter can lead to 
significant advancement in the field of emotion 
analysis. 

150
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Figure6.Duration change of vowels and consonants 
in the word /kavita/ with three different emotions. 
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Figure 5. Wave form, pitch contour, duration and intensity of phonemes in the word /kavitha/ for neutral, sad 
and angry speech. 
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5. Conclusions 
 

 
The detailed analysis of the patterns of prosodic 

parameters - duration, pitch, intensity and rise 
time/fall time for different emotions in Malayalam 
Language is carried out in this paper. 

The duration percentage of different emotions, in 
comparison with neutral speech, calculated for 
different words, spoken by different speakers, 
shows that the duration of words is highest for sad 
followed by happy and neutral and is smallest for 
anger. Similar analysis has been carried on intensity 
and pitch. 
 The pitch contour is flat for neutral. The average 
pitch value for emotional speech is higher 
compared to neutral speech. The intensity level of a 
word is lowest for sad and highest for angry. All 
these results confirm to the manner in which these 
emotions are articulated.  

 The phoneme level analysis on duration 
shows that it is the vowels that capture the 
emotional variation more compared to consonants. 
This can be used effectively for framing rules for 
emotional speech synthesis, since we need to focus 
primarily on vowels only. The new parameter rise 
time ⁄ fall time, can capture both the intensity and 
duration information of emotional speech.  
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