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Abstract 

This research focuses on the development and management of an intelligent system 

for voice disorders and has addressed the important issues such as diagnosing and 

treatment procedures of voice disorders. The diagnostic methods are currently limited 

to manual procedures; and therefore, some form of IT-assisted tool with intelligent 

decision making would be a valuable addition to the treatment process. Furthermore, 

the ability of the tool to monitor the progress of the treatment plans would further 

enhance the value addition.  

The physical properties of a voice signal can be analyzed using the digital signal 

processing analysis such as pitch frequencies, formant frequencies, and Mel 

frequencies.  These physical properties are varying with age, cultural background, 

geographical location, and language. Therefore, these parameters have to be fixed 

when performing an experiment. In order to fix these parameters, the students’ 

samples for the research can be selected from a single population. The members of the 

sample will comprise students whose age is less than 7 and greater than 5 years. In 

addition to it, pre-determined sample words called phonetic balance can be chosen for 

the voice recordings. 

 

  



ii 

 

Declaration 

We declare that this thesis is our own work and has not been submitted in any form 

for another degree or diploma at any university or other institution of tertiary 

education. Information derived from the published or unpublished work of others has 

been acknowledged in the text and a list of references is given. 

 

Name of Student (s)       Signature of Student (s) 

H.D.I.M.Jayalath      ………………………….. 

 

         

        ………………………….. 

Date: 

 

Supervised by      ……………………………… 

Name of Supervisor(s)     Signature of Supervisor(s) 

Mr.Saminda Premaratne 

Senior Lecturer 

Faculty of Information Technology 

The University of Moratuwa    …………………………….. 

Date: 

 

  



iii 

 

Acknowledgments 

I would like to thank the many individuals who made this research project possible 

and gave their supportive hands all along the research study and made the journey 

very stimulating and enjoyable. Firstly, I am very grateful to the Department of 

Information Technology of the University of Moratuwa, for giving me the opportunity 

to carry out this research study. I would like to express my sincere gratitude to my 

supervisor Mr. Saminda Premarathne for his valuable guidance and immense support. 

I owe a sincere debt to Mr. W. V. Sinhanatha, Educational Audiologist and Speech 

Therapist and Chief Project Officer at National Institute of Education and Ms. S.A. 

Malani Chandralatha, Linguistics Expert, for their academic guidance in making a 

success of this research project.   

My special thanks go to Mr. Sunil Piyatissa, Principal Mahaweli Maha Vidyalaya, 

Polgolla, Mr. S. Palamakumbura, Principal Kengalle Primary College, Kandy, 

Principal Madawala Primary College Alawwa, Hanthihawa Kanishta Vidyalaya 

Halmillawewa,  and Ms. Nalini Pieris, Teacher at Pathadumbara Maha Vidyalaya, for 

their assistance to me to perform the speech recordings.  

Further my thanks and appreciations are due to my family for their understanding, 

motivation and patience during this exercise, as well as to my colleagues and friends 

who helped me in the preparation of this dissertation. 

  



iv 

 

Table of Contents 

1 Introduction ............................................................................................................ 1 

1.1 Introduction ..................................................................................................... 1 

1.2 Aims and Objectives ....................................................................................... 2 

1.3 Background ..................................................................................................... 4 

2 Literature Review ................................................................................................... 8 

2.1 Literature survey to recognize the relevant factors of digital signal 

processing ................................................................................................................... 8 

2.1.1 Digital Signal Processing and Voice Disorders ....................................... 9 

2.1.2 Feature extraction and classification ...................................................... 10 

2.1.3 Mel Frequency Cepstral Coefficient (MFCC) ....................................... 10 

2.1.4 Pitch Analysis ........................................................................................ 11 

2.1.5 Formant Frequency ................................................................................ 12 

2.2 Literature survey to recognize the treatment methods for voice disorders ... 13 

2.3 Literature review to identify the important relevant factors in linguistics 

studies which have a direct impact to start this kind of research ............................. 15 

2.4 Literature survey to identify the relevant areas in computer science to write 

computer programs for the research. ........................................................................ 15 

3 Technologies Used for Tool ................................................................................. 18 

3.1 Digital Signal Processing .............................................................................. 18 

3.2 MATLAB ...................................................................................................... 18 

4 Analysis and Design ............................................................................................. 20 

4.1 Trace the types of voice disorders in children in Sri Lanka whose age is less 

than seven years. ...................................................................................................... 20 

4.2 Identify the special attributes and treatment methods for common voice 

disorders ................................................................................................................... 20 

4.3 Importance of making a phonetic balance..................................................... 22 

4.4 Conceptual view of the architectural design of proposed automated tool .... 24 



v 

 

4.5 Identify the functional and non-functional requirements of proposed 

automated tool. ......................................................................................................... 25 

4.5.1 Functional Requirements ....................................................................... 25 

4.5.2 Non- Functional Requirements .............................................................. 29 

4.5.3 Summary of Requirements .................................................................... 29 

4.6 Detailed Design Specification of Proposed Automated Tool ....................... 30 

4.6.1 Detailed Design Specification of Voice Input Component.................... 31 

4.6.2 Detailed design specification of Patient’s Data Analysis ...................... 43 

5 Implementation ..................................................................................................... 45 

5.1 Data Collection .............................................................................................. 45 

5.2 Graphical User Interface (GUI) ..................................................................... 45 

6 Evaluation ............................................................................................................. 47 

6.1 Formant Frequency ....................................................................................... 47 

6.1.1 Database update of Formant Frequencies of Ordinary Children ........... 47 

6.1.2 Comparison between disorder and ordinary children ............................ 48 

6.2 Pitch Analysis ................................................................................................ 49 

6.2.1 Database update of Pitch Frequencies of ordinary children .................. 49 

6.2.2 Comparision between normal and disorder children ............................. 50 

6.3 MFCC Analysis ............................................................................................. 52 

6.3.1 Database update of MFCC of normal children ...................................... 52 

6.3.2 Comparision between ordinary and disorder children ........................... 52 

6.4 Critique .......................................................................................................... 54 

6.4.1 Verification and validation of analysis process of digital signal 

processing ............................................................................................................. 54 

6.4.2 How much user requirements are successfully achieved ....................... 55 

6.4.3 Successfulness of dependability attributes like availability, reliability, 

safety, and reliability ............................................................................................ 55 

7 Conclusion and Future Works .............................................................................. 57 



vi 

 

References .................................................................................................................... 58 

Appendix A .................................................................................................................. 62 

 

 

  



vii 

 

List of Figures 

Figure 1-1: The cartilages of larynx, seen from the right-hand side .............................. 1 

Figure 2-1: Speech processing algorithm .................................................................... 10 

Figure 2-2: First Three Formant Frequencies .............................................................. 13 

Figure 3-1:Domain-Specific Architectural Model for the proposed automatic tool.... 18 

Figure 4-1: Domain Specific Architectural Model for the proposed automatic tool ... 25 

Figure 4-2: Use Case Diagram for Pitch Analysis ....................................................... 26 

Figure 4-3:Use Case Diagram for Formant Frequency Analysis................................. 27 

Figure 4-4: Use Case Diagram for Mel Frequency Analysis ....................................... 28 

Figure 4-5: Program Components of Proposed Automated Tool ................................ 31 

Figure 4-6: Program modules of Voice Input Component .......................................... 31 

Figure 4-7: Pitch values of (a) normal word “Gas”(ගස)් and (b)Pathological word 

“Gas”(ගස)් .................................................................................................................... 33 

Figure 4-8: Formant frequency positions ..................................................................... 34 

Figure 4-9: (a)First three Formant frequencies for normal word “Gas”(ගස)් and (b) 

Pathological word “Gas”(ගස්) ...................................................................................... 36 

Figure 4-10:MFCC Block Diagram ............................................................................. 38 

Figure 4-11: Mel-to-Linear Frequency scale transformation ....................................... 40 

Figure 4-12: Speech signal pattern and spectrogram of (a) normal word “Gas”(ගස)් 

and (b) Disorder word “Gas”(ගස)් ................................................................................ 42 

Figure 4-13: Speech signal pattern and spectrogram of (a) normal word 

“Mukunuvanna”(මුකුණුවැන්න) and (b) Disorder word “Mukunuvanna”(මුකුණුවැන්න) 43 

Figure 4-14: Program modules Patient Data analysis .................................................. 44 

Figure 5-1: Patient Data Collection Screen ................................................................. 45 

Figure 5-2: Load the Input Signal and Extract the Selected Three Features ............... 45 

Figure 5-3: Feature Extraction for One Word.............................................................. 46 

Figure 5-4: Result Screen for One Patient ................................................................... 46 

 



viii 

 

 

List of Tables 

Table 4-2:Phonetic Balance for ten words ................................................................... 23 

Table 4-3: Requirements List for Male & Female Pitch Analysis............................... 26 

Table 4-4: Requirements List for Male & Female Formant Analysis ......................... 27 

Table 4-5: Requirements List for Male & Female Mel Frequency Analysis .............. 28 

Table 4-6: Non-Functional Requirements ................................................................... 29 

Table 4-7: First three formant frequency rangers for selected ten words .................... 37 

Table 6-1: Average formant frequency values and Standard deviations of ordinary 

children for the ten words in the phonetic balance ...................................................... 47 

Table 6-2:Formant Frequency values of ordinary child 1 for the ten words in phonetic 

balance ......................................................................................................................... 48 

Table 6-3: Comparison of Table 7 and Table 8 ........................................................... 48 

Table 6-4: Formant Frequency values of disorder child 1 for the ten words in phonetic 

balance ......................................................................................................................... 49 

Table Count 6-5: Comparison of Table 7 and Table 10 .............................................. 49 

Table 6-6: Average pitch values and Standard deviations of ordinary children for the 

ten words in phonetic balance ...................................................................................... 50 

Table 6-7: Pitch values of ordinary child 1 for the ten words in phonetic balance ..... 50 

Table 6-8: Comparison of Table 12 and Table 13 ....................................................... 51 

Table 6-9: Pitch values of disorder child 1 for the ten words in phonetic balance ...... 51 

Table 6-10: Comparison of Table 12 and Table 15 ..................................................... 51 

Table 6-11: Average MFCC values and Standard deviations of ordinary children for 

the ten words in phonetic balance ................................................................................ 52 

Table 6-12: MFCC values of ordinary child 1 for the ten words in phonetic balance 53 

Table 6-13: Comparison of Table 17 and Table 18 ..................................................... 53 

Table 6-14: MFCC values of disorder child 1 for the ten words in phonetic balance . 53 

Table 6-15: Comparison of Table 17 and Table 20 ..................................................... 54 

 

 


