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Abstract 
Emotional speech analysis was normally conducted from the 
viewpoint of prosody and articulation features. But for 
emotional speech synthesis system, two issues appear most 
important: (1) how to realize the acoustic features among 
various emotion states? (2) how to convey the emotion with 
the combination of text analysis and environment detection. 
To answer the two questions, both acoustic features and 
emotion focus were analyzed in the paper. Due to the different 
background and culture, even the same emotion has different 
meaning for different people in certain contexts. The paper 
also tries to explain if there are special characters in Chinese 
emotion expression. Finally, the emotion controlling model is 
described in the paper, some rules are listed in a table. 
Environment influence was also classified and integrated into 
the system. At the end of paper, the emotion synthesis results 
were evaluated and compared to other previous works. 

1. Introduction 
Synthetic speech close to natural sounding can be heard now a 
day. In most corpus based data-driven systems, behaved as a 
re-sequencing speech synthesizer, the system converts an 
orthographic transcription to a phonemic representation of the 
speech, aligning the phoneme to the waveform to provide 
synthesis results with unit selection method. Recent 
advancement of multimedia interfaces between man and 
machine largely increased interests on realizing and 
recognizing emotions conveyed by speech.  

Emotions are usually accompanied by a typified facial 
expression and/or a certain tone of voice. As suggested by 
Oatley and Jenkins [9], emotions have a very important aspect 
associated with each individual. The realization of speech 
synthesis with emotion is a difficult task but it can lead to 
many useful applications such as communication tools for 
people with speaking disabilities. Emotion is described as a 
change in the state of readiness for maintaining or modifying 
the relationships with the environment. There are various 
types of emotion, though it is not easy to categorize them. 
Human can express their feeling by crying, laughing, shouting 
and also by more subtle characteristics of their speech. The 
tendencies of acoustic features such as f0, energy and speech 
rate of the primary five emotions (anger, happiness, sadness, 
fear and disgust) are summarized in the paper. Voice quality, 
pitch changes and articulation are also reviewed.  

To get the subtile information of emotion control, emotion 
focus was induced in the paper. In some “intense” emotion 
state, emotion focus may bring on the strong emphasize at the 
stressed syllables or words, such as in functional or modal 
words which is various to different languages. Based on this, 
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per establishes the models for emotion focus generation, 
dic and articulation controlling. Some rules are listed in a 
  
uman lives in real living spaces, thus, expression is 
nced by the different environment. For example, the 
n will speak in sad if they are talking about a tragedy, on 
ntrary, the speech will be fast and excited if they feel 
. Thus, the expression of the human is various according 
at they saw and what they hear. Environment is divided 
wo types, surrounding of living spaces and context 
ation of utterance. What stimuli are we aware of in the 
nment? What information do we notice and what do we 

 Can they be defined as the initial mental representation 
 environment? Environmental perception forms the basis 
r knowledge about the environment and environmental 
es (evaluations).  The paper will try to find a way in 
o classify and integrate the environment processing into 
stem.  

2. Emotion Analysis 

hat’s special in Chinese Emotion  

o the different background and culture, even the same 
on has different meaning for different people in certain 
ts. It is very useful for us to understand people by 

standing their basic nonverbal communicative skills. 
 is one of the largest countries in the world, the birth 
of ancient culture and civilization. In general, one may 
at by the influence of Confucius' philosophical thinking, 
hinese have become more reserved or at least the 
es expressing emotions are comparatively less 
ssive. But for emotional speech, it seems there is not too 
 different between Chinese and other languages. 
 get the features of emotion, an emotional speech 
se was used here which comes from two parts, one is 
ed by professional actors and actresses in speech studio, 

er is spontaneous speech recorded in real environment 
 is sponsored by Chinese Academy of Social Sciences. 
sentences for each emotion (anger, happiness, sadness, 
and disgust) were selected. It covers 10 speakers 
ing 5 males and 5 females. All the utterances were 
d with prosody, pinyin and environment information. 

orrelation between acoustic features and emotion 
 

epresentation of the speech correlates of emotion can 
ed from a speaker model or an acoustic model. 
ding to Cahn’s work, the parameters of the acoustic 
l are grouped into four categories, pitch, timing, voice  



 
quality and articulation [1]. Being the tonal structure of 
Chinese, the pitch information includes, 

 F0 mean: the average of F0 for the utterance. 
 F0 range: the range of F0 for the utterance. 
 Slope of top-line: the slope of the top F0 sequence of the 

syllables. 
 Slope of bottom-line: the slope of the bottom F0 

sequence of the syllables. 
Speech rate is the major parameter for timing information. 
Physical state of the vocal tract was also taken as parameter. A 
valuable cue for the characterization of anxious speech is the 
amount ‘f0 jitter’ which describes the variation of f0 from one 
pitch period to another. Furthermore, energy is also an 
important parameter for emotion determine. It is measured as 
mean energy, or as energy at a reference point. Due to glottal 
pulse missing it can generate creaky voice in such fear 
emotions. Sometimes, breathy appears in happy or anger 
emotions. Another correlate for affect is articulation which is 
classified into normal, tense, slurring and precise. Articulation 
describes the changes in quality of vowels and whether the 
reduction of unvoiced consonants is reduced to their voiced 
counterparts. Table 1 lists some acoustic features related to five 
emotion states based on our corpus. 

2.3. Emotion focus 

From table 1, we found the slope of top-line increased abruptly 
on stressed syllables. It can be thought as the emotion 
expressed in the reading of text is realized by different kinds of 
emotion focus which is influenced by syntactic structure, tonal 
structure and functional words.  

2.3.1. Syntactic structure  

A linguistic analysis for the focus must consider the underlying 
syntactic structure in terms of its hierarchical organization, 
especially if the syntax of a given language allows different 
directions of branching as it is the case in an Object-Verb-
language (OV) such as Chinese. In Chinese, the syntactic OV-
parameter means that in structures with verb-final word order 
in most subordinate clauses, the verb takes its argument from 
its left. For reasons of explanatory adequacy, we make use of 
theories which consider the information structure. In Jacobs 
(1993), for both the so called ‘normally intonated’ sentences, 
widely focused sentences, and sentences containing narrowly 
focused constituents, focus positions are predictable by terms 
of integration. The positions in terms of their relative emotion 
focus are thus calculable. For example, 

我认为他错了(I think he is wrong.) 
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e Sentence is structurally locally different as to whether 
He’ is the object of verb ‘think’. If the sentence is 
d widely, and the syllable or word is located at a very 
ranching node in the syntactic structure, the ‘normal’ 
 accentuation has to be applied in the sentence, then the 
ve ‘wrong’ is focused in “intense” emotions.  

Functional and modal words related to the topics 

otion focus could also be influenced by functional and 
words. Functional words represent the major meaning 
sentences related to a certain topic. The modal words 
d to enhance the mood. The effect of “intense” mood 

be obviously represented by emphasizing the functional 
or modal words. For example, 我非常生气 (I’m so 

). The phrase “so angry” denotes the key emotion state 
sentence, and is extremely emphasized during the angry 
n. Nevertheless, some other words, such as, 不好(is), 
), 非常(do), etc. might reach the similar effect. 

Tonal structure 

 know, Chinese is a tonal language and each syllable has 
 and has a relatively steady F0 contour. It is difficult to 
ine the emotion within the influence of various syllabic 
atterns. According to recent tonal sequence models 
t, Grice, Benzmüller, Mayer, and Batliner 1996 for 
n), the main focus derived from the syntactic and 
ation structure as described above serve as anchor 
for the association of tonal sequences. In Chinese, 
n focus is assumed to be realized preferably by tonal 
ons. 

3. The model of emotion control 
ules for acoustic model 

‘emotion’ in speech is directly coupled to the speaker’s 
 state, a production model would seem the appropriate 
 generate emotional speech. The speakers behavior for a 
 emotional state would then directly result in the desired 
in the synthesized speech: for example, a higher rate of 
ng pauses when the speaker is nervous or increased 
due to turbulent air flow when the teeth are pressed 
r in fear. Although general tendencies of prosodic 
s of emotional speech as compared to those of neutral 
ces were clarified already, the prosodic control done for 
lization of emotional speech was rather difficult. Due to 
nclusion in section 2, some rules for acoustic feature 
l in our model are listed in table 2. 
 Happiness Anger Sadness Fear Disgust 
speech rate Faster, but 

sometimes slower 
Slightly faster Slightly slower Much faster Very much slower 

F0 Mean Much higher Very much higher Slightly lower Very much higher Very much lower 
F0 Range Much wider Much wider Slightly narrower Much wider Slightly wider 
Slope of top-line Smooth,  

upward inflections 
Abrupt, on stressed 
syllables 

Downward inflections Normal Wide, downward terminal 
inflections 

Slope of  
bottom-line 

Smooth,  
upward inflections 

No too much inflections Downward inflections Normal downward terminal 
inflections 

Energy Higher Higher Lower Normal Lower 
Voice quality Breathy, blaring Breathy, chest tone Resonant Irregular voicing Grumbled chest tone 
Articulation Normal Tense Slurring Precise Normal 

 
Table 1, acoustic features for five emotions 



 
Emotion Speech 

 rate 
Energy Slope of  

top-line: 
Slope of 
bottom-

line 

F0 
mean 

F0 
range 

Other 

Happin-
ess 

+40% +80% Smooth: 
+2 

Smooth:  
-2 

+100
% 

+100
% 

Little 
breathy 

Anger +20% +50 % Steeper 
accent 
shape +3 

steeper 
accent 
shape +3 

+80% +80%
. 

 

Sadness -20% -50% Smooth: 
+4 

Smooth:  
-2  

No 
chang
e 

-60%  

Fear +20% No 
changc 

Smooth:  
-2, flat 

Smooth: 
 -2, with 
jitter 

+20% +20% breathy 

Disgust -20% -30% Smooth: 
+2, 
downwar
d 

Smooth: 
+2 

-20% -30%  

Table 2, Rules for emotion expression in Chinese synthetic 
speech 

 
In table 2, all of “+” means increasing, and “-“ means 
decreasing. The smooth in slope of top-line and bottom-line 
could generate the f0-jitter. It’s defined with a serial of 
numbers from -5 to +5. 

3.2. Emotion focus generation 

Emotion focus generation was established based on the method 
of syntactic analysis and lexicon searching, which is shown in 
figure 1.  

 
Figure 1, the model for emotion focus generation 

 
To get the syntactic parsing results, Tomita algorithm with 

326 emotion focus patterns were adopted in the paper. Both 
Semantic and modal lexicon were also used. Whereas, due to 
the lack of sophisticated syntactic and semantic paring 
algorithm, it is still a very challenging work to determine the 
emotion focus with very high quality in real time. 
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4. Environment Awareness 
entioned above, emotion can be influenced by the 
nment where we are living. For example, we may 
 mood while we see or hear different things, sometimes 
 sometimes sad. Environment which may affect our 
can be classified into three typical types, strong 

ve environment, week sensitive environment and non-
ve environment. Speech in dialogue, facial, gesture, 
 etc, normally lead to prompt reaction of speaker. They 
 to strong sensitive environment. As for background 
 color of surrounding, they normally influence the mood 
aker without strong impact. They are inside week 
ve environment. Some other factors have no influence 
eaker’s emotion can be thought as non-sensitive 
nment. Recent experiments and discoveries have 
d for the creation of a model of the emotional mind that 
s how much of what we do is emotionally driven and to 

xtent emotions have their own logic. 
mpared to the traditional speech synthesis system which 
omposed by three main components, text analysis, 
y controlling model, acoustic model, environment 
, emotion control were imported in the system, which is 
 in figure 2. To make the system more adaptive in 
nment, we use a kind of emotion script language, which 
l to facilitate the emotion command and was combined 
ABLE and EML markup language. User could define 
otion states and make the emotion behave as the user 
ion. Currently, facial analysis and expression were 
ted into the system to generate multi-model interface. 
is also some research to integrate the background music 
ation as a part of environment parameters. 

5. Evaluation and discussion 
red to normal speech synthesis results, emotion makes 
stem more expressive. But is it reliable to convey 
n in speech synthesis system? In order to verify the 
 of the emotion generated by the system, we asked 250 
ts to judge the synthesis results. The students came from 
y school, high school and university with different age 
ution from 6 to 25. They were asked to write the 
n state of the synthesized sentence among five basic 
ns from what they heard, without any experience of the 
 design. Finally, we compared the recorded results with 
ing formula, 
 

 
Figure 2, Architecture of environment awareness emotional speech synthesis system 

Text POS tagging 

Pronunciation 

Word segmentation 

Rhythm: Phrase& 
stress prediction 

F0, Duration 
Energy Acoustics 

Environment 
Location (classroom, home, etc) 
Background 
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Semantic parsing 
Emotion control 

Mood 

Syntactic parsing Prosody Control 

Functional words 

Emotion 
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n

n
M

Me ′=     (4)  

 
Where, e is the accurate rate, 

nM ′  is the number of correct 
recording by the students for emotion state n, 

nM  is the total 
amount of the emotion state n. Table 3 show the results. 
 

Age Anger Happines
s 

Sadness Fear Disgust 

6-12  
(in primary 
school) 

89% 86% 56% 72% 50% 

12-18 
(in high 
school) 

85% 78% 85% 56% 68% 

18-25 
(in 
university) 

55% 73% 72% 60% 75% 

Table 3, The evaluation of the synthesis result among the 
people with different ages and education background 

 
From table 3, we found most emotion state can be realized 
with the system and can be perceived by the audience. But 
there is still something interesting. The age and education 
background seem to be a factor to influence the emotion 
perceiving, though it has to be made sure in further 
experiments. To compared the emotion analysis results to 
others. Pereira [8] has conducted such a study using two 
actors’ portrayals of two sentences in a number of emotional 
states.  Our findings are in agreement with hers in that 
activation positively correlates with F0 mean, F0 range and 
mean intensity, that correlations with evaluation are less strong. 
Banse & Scherer [13] analyze their data, among other things, 
in terms of “intense” emotions such as disgust, anger, fear, for 
which the highest F0 mean and mean energy are found, which 
is in agreement with our findings when “intense” is interpreted 
as a high activation level. The literature contains very few 
studies that use a database comparable in scale and naturalness. 
Nevertheless, it is useful to consider how our findings compare 
to published studies. Since the definition of emotion state is 
quite ambiguity among different persons and different cultures. 
Direct comparisons are possible only with studies having 
examined the vocal correlates of emotion dimensions more or 
less explicitly.  

6. Conclusions 
The paper describes most of the aspects of emotional speech 
synthesis for Chinese, emotion parameters and analysis, 
linguistic analysis for emotion focus, the relationship between 
emotion and environment. Based on above analysis, a new 
architecture of environment awareness emotional speech 
synthesis system was established, though it’s still in the phase 
of research. Lots of experiments have proved that human 
emotion was deeply influenced by the concept expressed by 
the speaker. As we know, it’s still hard to us to do the 
automatic concept analysis and semantic parsing with machine 
learning method. Nevertheless, part of syntactic information 
and the features of some environment parameters, such as 
background music, dialogue speech, facial detection, have 
been worked out in the system. The results show that the 
emotion expression included in synthetic speech enhances the 
expressive force of the system. With the function of 
environment awareness, the emotion can be easily adapted into 
new environments. 
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