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ABSTRACT 
Communication systems for non-speaking people 

commonly use synthetic speech as a voice pros-

thesis, but users have expressed annoyance with the 

characterless voices available. Such synthetic speech 

systems can be improved by introducing emotion 

capabilities to the synthesiser’s voice thus allowing 

disabled users to express themselves in a more 

natural way. This paper describes the design and 

implementation of a software interface to a commer-

cial speech synthesiser, to be used as a development 

tool for the modelling and testing of emotional 

speech characteristics. Five basic emotions (anger, 

happiness, sadness, fear, and disgust) have been 

previously studied and their main characteristics 

described in the literature. Using the development 

tool, these and other vocal emotions were success-

fully simulated in synthetic speech; the system has 

also been incorporated into a prototype communi-

cation prosthesis for non-speaking disabled users.  

 

BACKGROUND 
The speech synthesiser is an essential part of a 

communication prosthesis for non-speaking disabled 

users. The quality of the synthesised speech is often 

criticised for its lack of expressiveness and inability 

to reflect the personality, mood and emotional state 

of the user. Introducing emotional characteristics 

into the synthetic speech will provide additional 

freedom of expression and a better participation in 

the communication act.  

The MicroCentre at the University of Dundee is 

developing a number of communication devices for 

physically disabled non-speaking people, and a 

Helpful Automatic Machine for Language and 

Emotional Talk (HAMLET) has been designed (1) 

for use with these systems. For the prototype 

version, six discrete emotions were selected for 

implementation: anger, happiness, sadness, fear, dis-

gust and grief. The first five emotions are commonly 

referred to as “basic”, all other emotions being 

altered or mixed forms of these five. The system 

was integrated into a prototype communication 

prosthesis for the disabled (2).  

Emotional changes to the synthetic speech have to 

be modelled by the restricted range of the available 

control parameters of the synthesiser; these para-

meters are not independent and adjusting them is not 

a trivial task. Furthermore, there is little published 

information on how the emotional features of speech 

can be distinguished and described using the 

formalism of conventional speech signal processing 

techniques which are the basis of the synthesiser’s 

processing algorithm. Further research was under-

taken as part of the current project to provide a more 

detailed understanding of which parameters of the 
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speech signal are affected by emotion (3,4). Their 

incorporation into synthetic speech has to be done at 

different stages of the process of speech synthesis 

using the existing voice design and control para-

meters of the synthesiser. Introducing the changes 

requires a dedicated software tool for testing and 

evaluation of the resulting speech. 

The main task of the reported research was to 

design and develop a software interface to a high 

quality commercial speech synthesiser, based on the 

HAMLET concept, which would facilitate the 

process of enhancing the synthesised speech with 

emotional effects.  

 

THE HAMLET CONCEPT  
The HAMLET system was designed to operate on 

an IBM PC or compatible computer connected to the 

high quality speech synthesiser (currently a Digital 

DECtalk V2.0) (1,4). The DECtalk produces a voice 

with high intelligibility and offers the user a wide 

range of parameters for voice quality and prosody 

control. Recently, DECtalk has been licensed to 

communication aid manufacturers, and is now being 

supplied as part of some commercial prosthesis 

systems. Using HAMLET, the operator can enter an 

unrestricted text phrase and then select one of a 

number of emotions. The phrase is then spoken by 

the synthesiser, with different characteristics 

according to the selected emotion.  

The HAMLET concept integrates a user-friendly 

graphical interface with a rulebase describing 

emotional changes to the synthesiser control 

parameters. Each emotion is produced by a 

combination of appropriate rules affecting the 

production of the synthetic speech at different 

stages. 

The further development of the prototype system 

was carried out with two main aims: enhancing the 

interface with additional functional features for 

better control and testing of the synthetic speech, 

and improving the rulebase by modifying the 

existing rules and adding new ones to reflect our 

improved knowledge and understanding of the 

emotional speech characteristics. In addition, the 

system was designed for future integration with the 

CHAT conversation system (7), which predicts 

conversational acts for a disabled user.  

 

EMOTIONAL SPEECH SYNTHESIS  
The process of speech synthesis implemented by the 

synthesiser consists of two main stages: analysis of 

the input text string, resulting in its phonetic 

transcription; and production of the synthesised 

speech wave form (Figure 1). HAMLET includes an 

editor for editing the input phrase. This is then 

analysed to produce a phoneme string with stress 

markers, either using DECtalk’s built-in facility or 

using an additional HAMLET software module. The 

chosen emotion activates a set of rules which 

produce changes in the emotional feature space. The 

rules describing each emotion operate on the 

synthesiser control parameters in two chrono-

logically distinct phases, one operating on fixed 

voice parameters, the other operating on dynami-

cally changing features. The first phase consists of 

the initial settings of the voice design parameters to 

set up the relevant voice characteristics for the 

chosen emotion. For the DECtalk this is an initial 

string of voice design parameters which is sent out 

before the text to be synthesised. The next phase 

includes the changes done and sent together with the 

phonetic transcription of the text, which affects the 

speech signal characteristics including the pitch 

contour and timing.  

The five basic emotions have been described with 

emphasis on the features that can be modelled into 

the synthesised speech (3). The main differences 

have been grouped into three categories: voice 

quality descriptions, pitch contour alterations and 

time domain changes. They have been implemented 

into the rulebase by introducing fixed value changes 

to the synthesiser control parameters. The rules were 

designed by experimenting and adjusting the 

analysis results of previously recorded emotional 

speech and summarising results reported in the 

literature. As this task required a lot of testing and 

instant evaluation of the introduced effect, a 

dedicated software tool was first implemented, 

including modules for editing the voice quality, the 

pitch value and the time duration for each phoneme 

and for testing the individual and combined effects 

of each category of parameters.  

 
 

 

FIGURE 1 
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The voice quality is a general term associated with 

characteristics of the vocal tract and the manner of 

speaking. For instance, a breathy voice with tense 

articulation is typical for anger. The voice quality 

for a given emotion is a static characteristic and 

remains unchanged during the whole utterance. It 

conveys a significant part of the emotional affect 

and is achieved by a suitable combination of the 

DECtalk voice design parameters. They can directly 

model such features as: laryngealisation, brilliance, 

smoothness, richness, head size and intensity. For 

best results the voice quality for each emotion has to 

be modelled by subtle alterations in the initial string 

of the DECtalk design voice parameters. Adjusting 

the correct values required considerable heuristic 

iteration because the voice control parameters 

strongly depend on each other (5). It is also 

important to limit the amount of alterations 

introduced by the modelled emotion for two reasons: 

some changes can produce overloads within the 

synthesiser, and some changes may convey a 

different voice “personality” rather than suggesting 

the same voice with emotional features. A maximal 

use of the synthesiser’s feature space can be 

achieved if the combinations for the initial settings 

are designed well apart from each other thus 

producing characteristic emotional voices. In order 

to facilitate this process, and for testing the 

preliminary results a voice editing module was 

implemented. It provided access to each of the 31 

DECtalk voice design parameters by listing them in 

tabular form with their names and the permitted 

values. Options for immediate testing and storing of 

the experimental emotional voice quality were 

included.  

The second phase in the emotional speech 

implementation is introducing dynamic changes 

affecting the prosodic features, i.e. the pitch contour 

and time characteristics. The dynamic changes are 

integrated within the phoneme string of the text to 

be synthesised. Each phoneme is sent to the 

synthesiser together with the value of the pitch and 

its time duration (Figure 1). The pitch contour plays 

an important role in conveying emotional effects. 

The introduced changes affect the general form for 

the whole sentence and the fluctuations at word and 

phonemic levels. The dynamic changes in the time 

characteristics include: introducing pauses between 

words and clauses appropriate to the modelled 

emotion, modelling the increased phonation time 

and adjusting the rhythm characteristics by changing 

the phoneme length.   

As a part of the software system a module for 

editing the pitch contour and the time duration of 

each phoneme from the input text has been 

designed. It provides options for adjusting these 

dynamic characteristics and testing the results.  

EVALUATION 
The prototype HAMLET system was evaluated 

positively by naive listeners (6), with the rules 

contributing significantly to recognition of the 

intended emotions in most cases. The results of 

these experiments indicated some particular 

deficiencies in HAMLET, which were dealt with by 

extensions and enhancements to both the rulebase 

and the user interface. The improved rules were 

incorporated (2) into a prototype communication 

prosthesis system (7). The user interface improve-

ments allowed better and more flexible testing of the 

rules, making HAMLET more suitable for its 

intended use as a development tool. Formal testing 

of the modified system will be undertaken.  

 

CONCLUSION 
The realised HAMLET prototype system has been 

modified for use as a development tool to design and 

test an extended rulebase for simulating emotions in 

synthesised speech. It has also been integrated with 

a communication prosthesis for non-speaking 

disabled users, to give them an extra dimension to 

the conversation by expressing their emotional state 

through their synthetic voice.  
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