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Abstract. Speech Synthesis plays an important role in enhancing human-

machine interaction. In recent decades, researchers are paying more attention on 

the emotional expression in the synthetic voice. This is because the appropriate 

emotion can help improve the naturalness of the synthetic voice and thus in-

crease its acceptability by the public. This project aims at developing a HMM-

based Malay emotional speech synthesizer that is practical to be deployed in re-

al life application. In order to make it applicable to the public, an Expressive 

Malay Online Speech Interface (EMOSI) that is able to synthesize any form of 

Malay text input in different expression will be created. 

Keywords: Speech Synthesis, Malay, Emotional Expression, HMM. 

1 Introduction 

Text to Speech (TTS) synthesis technology is the ability to convert written text into 

spoken audio. Even though recent TTS technology have generally achieved high in-

telligibility, Malay is still considered under-resourced in this field. There is no free 

readily available emotional Malay speech database and front end natural language 

pre-processor to generate the label files for the sake of Malay TTS.  Besides, accord-

ing to [1,2], people tend to react badly or nervously to the machine-like sounding 

although this condition will not affect the functionalities of the interfaces. By convey-

ing the right emotion, the synthesized speech and content become more believable 

and thus contribute to the success interface. Therefore, proper emotion in synthetic 

voice is important. A practical speech synthesizer should be able to create less intense 

and appropriate emotion that is suitable for real life application [2,3]. Therefore, this 

project aims at creating a HMM-based Malay emotional speech synthesizer. To 

achieve the project’s objective, the practical emotional expression should be identified 

and have the emotional speech recording session played by a Malay native speaker 

and thus created the emotional Malay speech database. Moreover, a Malay pre-

processor needs to be built in order to generate the label files that contain the linguis-

tic features. With these resources, a HMM-based Malay emotional speech synthesizer 

can be built by using the open source HTK.   
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2 Background Study 

2.1 Hidden Markov Model (HMM) based Speech Synthesis 

HMM-based speech synthesis is an extended application of SPSS techniques that will 

model the parameters by HMM [1]. In general, this method will use decision tree-

clustered context-dependent Hidden Markov Models (HMM) to represent probability 

densities of speech parameters given texts. Speech parameters are generated from the 

probability densities to maximize their output probabilities, then a speech waveform 

is reconstructed from the generated parameters [4].  

In a typical HMM-based system, the speech signals are separated into both spec-

tral and excitation parameters. An example of spectral parameter is Mel Cepstral Co-

efficients (MCEP) that is used for controlling vocal tract filter. Excitation infor-

mation, on the other hand, is generally captured in the Fundamental Frequency (F0), 

needed to generate the voice. For the training session, these important acoustic fea-

tures from the recordings database are extracted. Additionally, for the written text 

wise, prosodic features are extracted from the input text. All this contextual infor-

mation is used to build the context dependent HMMs that are then clustered and as-

signed to search trees through the Minimum Description Length (MDL) criterion. 

Finally, multivariate Gaussian distributions are used to model the parameter sequenc-

es. During speech synthesis, the input text should be first processed by the same text 

pre-processor module used in training session. Based on the prosodic information 

extracted and models created in training session, the optimal state sequence that pro-

duces the adequate model features for the requested context is defined. The generated 

features, which conform the final mixed excitation, are then used by the speech syn-

thesis filter to generate the desired synthetic voice. 

 

2.2 Malay Speech 

Malay is the most widely spoken language in Malaysia. The focus of this project will 

on Baku Malay (BM). The spelling system of Malay is simple straightforward as it 

just follows the pronunciation of the word and it is written in Latin alphabet (Rumi). 

There are 27 Malay consonants, 5 vowels and 3 diphthongs [5]. 

Table 1 shows the Malay syllable structures, where C refers to consonant while V 

refers to vowel. Most of the word with two or more consonants that form a syllable 

are borrowed from English.  The most common form of syllable structure in BM is bi-

syllabic and tri-syllabic which in total makes up 97.52% of Malay words [6]. 

 

2.3 Speech Emotion 

In psychology, emotion is often defined as a complex state of feeling that results in 

physical and psychological changes that influence thought and behavior [7]. There are 

2 main description system used by most researchers to describe emotion, namely 

Emotion Categories and Circumplex Model of Affect by Russell. Reference [8] con-

cludes that there are 7 discrete, basic emotion categories, which are neutral, happi-

ness, sadness, surprise, fear, anger and disgust. However, finer grained emotion cate-

https://www.verywell.com/psychology-basics-4014577


3 

gories need to be introduced to describe different forms of basic emotions. Thus, a 

two dimensional model that links arousal and valence is proposed by Russell to de-

scribe emotion [9]. According to this dimensional approach, the valance dimension 

refers to how positive or negative the emotion is. Whereas the arousal refers to the 

intensity or how excited the emotion is. 

Table 1. Malay syllable structures. 

 

3 Design and Implementation 

3.1 Malay Emotional Speech Database 

The Malay emotional speech-recording is played by a male Malay speaker in an 

acoustically treated studio. 500 phonetically balanced Malay sentences were recorded 

and being expressed in 3 different emotions, namely happiness, neutral and sadness. 

 

3.2 Malay Label Generation 

The process of generating label files is to extract the linguistic features from the text. 

It is language dependent as different language might have different rule and features. 

Thus, a Malay pre-processor is created in C++ for the purpose of generating Malay 

training label files.  It should have accomplished the following tasks: 

Text Normalization. In text pre-processing modules, input text must be converted 

into a standard text. In other words, all the numerals, abbreviations, and acronyms 

must be expanded into full words. For example in Malay, numeral 126 would be ex-

panded as satu ratus dua puluh enam. Reference [10] shows an algorithm that can be 

implemented for converting numeral to Malay text. 

Malay Grapheme to Phoneme Conversion. This function is straight forward, a 

ruled-based approach is used to convert the Malay grapheme into phoneme based on 

the Table 2. In Malay, some of different graphemes are pronounced in the same way. 

For example, both “k” and “q” will have the same pronunciation as “k” sound. The 

phoneme representation of “kakak” (sister) is “k.a.k.a.k” whereas “quran” (the Islam-
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ic sacred book) is “k.o.r.a.n”. Besides, when two specific graphemes come together, 

only one sound is made. To cite an example, the word “syarikat” (company) is pro-

nounced as “sy.a.r.i.k.a.t” instead of “s.y.a.r.i.k.a.t”. Besides, glottal stop (represented 

as T) is introduced when 2 particular sequence of vowels appeared in a word.  

Table 2. Malay Grapheme to Phoneme 

 

Malay Syllabification. To perform Malay syllabification, the phoneme of Malay 

words first need to be identified if it is a vowel (V) or consonant (C).  The sound class 

representation of the word is processed, starting from the right to left, to identify the 

largest possible syllables can be formed based on the syllable structures, shown in 

Table 1. 

Malay Linguistic Features Extraction. Finding the correct intonation or stress from 

written text is needed for generating the rhythm and emphasis of the speech at the 

perceptual level. Besides, the prosodic information is analyzed not only at phone level 

but also at syllable, word, phrase and sentence level. According to Reference [11], 

Malay has light stress that falls on either the final or penultimate syllable. Normally, 

the penultimate syllable is stressed, unless the word is disyllabic, the stress is at final. 

The following is the prosodic information that should be extracted from the Malay 

text: 

a. Current phoneme, two phonemes before and after the current phoneme 

b. Is the phoneme in the final syllable of the word 

c. Is the phoneme in the penultimate syllable of the word 

d. Number of syllables in current word and the word before and after it 

e. Number of syllables in current phrase and the phrase before and after it 

f. Number of words in current phrase and the phrase before and after it 

g. Number of syllables , phrases and words in utterance 

3.3 HMM Training and Speech Synthesis 

A HMM-based voice cloning toolkit (VCTK) [12] is used for the purpose of creating 
the HMM-based Malay emotional speech synthesizer.  The Malay recordings will be 
processed by the STRAIGHT in VCTK to extract the acoustic features. Next, the Ma-
lay pre-processor created is used to obtain the prosodic and linguistic features from the 
Malay text. The acoustic features and prosodic features extracted will then be used to 
train the HMMS. During speech synthesis, based on the models created, and the lin-
guistic features extracted from the Malay text input, STRAIGHT vocoder [13] is used 
to synthesize Malay speech. 
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4 Malay Synthetic Speech Perceptual Test 

The Malay perceptual test is conducted to evaluate the sound quality and emotional 

expression of the Malay synthesized speech. The test is distributed to and done by 36 

Malay native speakers. Table 3 shows the comparisons of the means between these 

voices and whether they are statistically significant (denoted by *) according to the 

paired t-test. The t-test reveals that on average, the voice quality of the original audio 

file is significantly better than that of synthetic audio file in all the three different 

emotions. Ideally, the original audio file is expected to have an average rating of 4.5 

while the rating for synthesized file should have an average of 3.5. The difference 

between them should be around 1. This is because to a certain extent, the quality of 

synthesized voice is depending on the original voice as the model is trained based on 

the original voice. If the quality of the original audio files, as the training data, is low, 

it is hard to synthesize a voice that is high in quality. Overall, even though the voice 

quality of original audio file is significantly better than that of synthesized one, the 

respondents can still understand the content of all the sample audio files.  

Table 4 shows the accuracy rate in the perception of the voice emotional expres-

sion. For the perceptual test in emotional expression, generally, the recognition rates 

of all three synthesized emotions were lower than the recognition rate of recorded 

speech. Between the three emotions, happiness has the highest recognition rate fol-

lowed by neutral and sadness. However, most respondents claim that the different 

emotions are recognizable and can easily be identified. However, listening to 18 audio 

files is quite hectic for them, some said they lost their focus and failed to differentiate 

the emotion at the end of the testing. In a nutshell, the quality of the synthesized voice 

is still acceptable in term of its understandability and the emotion is recognizable by 

the majority. Further improvement can be made to make the intonation of emotional 

voice smoother.  

Table 3. T-test result comparing mean quality ratings between synthesized and origi-

nal voice. 

 

Table 4. Recognition rate of intended emotion.  
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5 Conclusion 

Overall, the Malay emotional synthetic speech has achieved a satisfying naturalness 

and intelligibility. However, further improvement can be done to increase the 

smoothness of pitch curve, and additional states. By utilizing the open sourced toolkit, 

the accomplishment of this project allows the Malay speaking community to freely 

access this technology and thus gain benefit from it by applying the technology in 

different domains like telecommunication and education. Acknowledgement: The 

work leading to these results are funded by grant number 304/PKOMP/6315137 
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