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Abstract 
 Spectral characteristics of speech signal have formerly been studied and reported for its 

quantitative information in relating the emotional state in persons suffering depression to the level of 

symptom affect. The spectral energy distributing in the particular bandwidths of audio frequency less than 

5 KHz extracted from the subjectsR speech sample reveals as the distinct parameter with a property that 

can represent the severity of symptom in term of energy shifting and amount change found in this study 

empirically. The acoustical analysis focused on Power Spectral Density (PSD) was performed on speech 

samples extracted from three different databases collected from the remitted, depressed, and suicidal 

patient groups. The result of classifications suggests the significant potential of PSDRs in separating all 

categorized patient groups which consistently verifies that the psychomotor disturbance affects speech 

production system in speaker, clinically known as the central element in depression and other high-risk 

emotional disorders.  
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��
1�ก�������
���� ����������(��g� 0�ก�)��!�'��-� !+&
����0
��"#+2() 
 
� �_+
�#�)"i����)��
�ก�����	
��!+&#'���
1����ก�����	�����
���ก������(��
ก	����[ �'���"j�
��� �� 
�)��ก��
-�_�
�ก�����	�����
����(
��
1�[�(�"�!ก�����a�������"�&��+#+ ��
����0	-�!�ก�&(
� 
��ก����� ,����-��
��
-�_�
�����ก����	
���1 "�&ก��ก
�"�&
�ก���������[����[�`����
ก	����[ 	&
ก'�$_)�ก�(�����'����� ����"�&
� �̂d�a������"����� ���ก
�ก�������
����$��� �̂(-�����ก���(��
ก	����[
�a���+-�a
� #++
a �̂ ��2()	�ก����ก����	
� ���-��
����1�'��ก'�$_)�ก�("�&��[����'�������'�ก��['���_+�� !+&
ก��"s��ก
�ก��
�`�
��[�����������+ ��"i�����,�����)�  
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�  �� 2 �
�0�"�&
����������ก����	
� 

 
2.1 �a����������)���+�
���a�(!����
�& (Free Speech)  ��0�ก�
� �ก�&_�'��ก��

�d�������

	��!a ��ก
�#�)"i��!+&$[)�"j�ก+�'��
���'�� ��! �	-����"�&[�ก����ก+�'�#�)"i��,�����)�!+&ก+�'�
#�)"i�� ���!����)� 	&*'��
���� 
 

2.2 �a�����ก��_����+
ก��& �����
��ก
�����
��� ��
����0�'���ก����!�ก�'���&_�'��ก+�'�#�)"i��
,�����)�ก
�ก+�'�#�)"i�� ����!����)�	&*'��
����      
 

2.3 �a���a
q���"�!ก�����a������� ��$[)
-�_�
�ก��"�&���!+&������&_�_����+
ก��& �����

��ก
� ���	�&	� 
2.3.1 

(
'��a+
�������
�"j���
�$�['������0�� 0-2,000 Hz  
2.3.2 ����
�)��
�"j���
�����
��� ��ก-����($�_+�(�
��� 
2.3.3 "������)���+�'��
����+����'�!_+'�ก-����(����
���  

 
2.4 �a���a
q���"�!ก�����a������� ��$[)
-�_�
��
(_��-���	ก��	-�!�ก������+
ก��& �����
��ก
�

 ��2()��!+&
����0!
(�#+���ก��!�'�!�กก+�'�#�)"i�����
d��& ��	�� ��! )2()��'��0�ก�)��  
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�  �� 3 �������������ก����	
� 

 
3.1 ��(�'�"�&
�����ก
� �����a����+�a����กg��)���+�
��� 	-����#�)"i�� ����)��'������ก�� 
1�
�1� 

20 �� !�'��"j�#�)"i��_`��,�����)� 10 �� #�)"i��_`��,�����)� ����"�&
�ก����	�กก��*'��
����!�'
2�'
-���g	 _���#�)"i�� ����!����)�	&*'��
���� 10 �� 
 

3.2 ��ก!��!+&a
q���"�!ก��ก��	
(ก���
1��)�ก
��)���+�
��� (Preprocessing) �(��)���+�
������
#�)"i��!�'+&��� 	&#'���
1����ก����� �̂�'��p�'�2"��1 
3.2.1 ก��ก-�	
(

``���'��p ����ก�_���	�ก�
���a�(���#�)"i��!+&	��!a �� �['� 

``��

��ก�� (Background Noises, Sound Artifact or Harmonics of Power Line) !+& ['��
������)����ก���
� �ก�
��� (Heading of Audio Recording) 

3.2.2 �
(!�ก�
������#�)"i����ก	�ก�
������#�)

�d���� (Sound Editing) 
3.2.3 ���	
��_���a�&
'������
��� ����a+
���� !+&
'�� ��2�'��a+
���� (Voice Detection: 

Separating voiced and unvoiced segments of speech data) 
3.2.4 	
(ก��!�'�ก+�'�!+&�������)���+�
���  ��#'���
1�����'��p�� !+&	
(�กg��"j��
���'�� 

(Samples)  ��	&$[)! �"�&[�ก����#�)"i��$�ก+�'� High-Risk Suicidal Patients !+&ก+�'� 
Depressed Patients  
 

3.3 ��ก!��!+&a
q���"�!ก��ก��0�(���+
ก��& �����
��ก
�	�ก�
���a�( (Feature Extraction 
Algorithm) �"j��)��'� 
3.3.1 

(
'�����a+
����
�"j���
�$��'������0���'��p 500 Hz �'�a+
���� 
1�_�($�['��

����0�� 0-2,000 Hz 
3.3.2 ����0��l���!�� (Formant Frequency) !0�����0��l���!�� (Formant Bandwidth) !+&

���(l���!�� (Formant Amplitude)  	�ก����
�)������0���'���+�����
���a�( 
(Formant Pattern) �(�"�&���_�()���� �̂ก�� ��
0��� (Gaussian Mixture Model) 	�ก


``��ก�����
��� ������0�����_+�( ���(���
��� (Vocal Tract)  ��2()	�กก��
"�&�����"
��
� (Cepstrum Estimation) ����
���a�(  
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3.4 ��ก!��!+&a
q���"�!ก��ก��������&_� ��
0���
-�_�
����	�
(�-���	ก��!�ก!�&���
���+
ก��& �����
��ก
� ����ก�� 
3.4.1   ���	_����+
ก��& �����
��ก
� ���������((�('� (Primary Feature) �(�$[)_+
กก�� ��


0���   
F-ratio $�ก���
(_��'��-���		-�!�ก�&_�'��ก+�'� (Separation Power) �a���+(	-����
a���������� ��2�'
-��
`+�$_)�_��&
�ก
�	-�����
���'�� �� (Dimensionality Reduction) 

  3.4.2  (
��ก��!�'�ก+�'�#�)"i�� ���
d��& ��	�� ��! )	��� ,���!k���$�a���������� ���
��� 
(vocal parameters) �(�$[)!��
��ก+�'��"����� ��� (Pairwise Classification) �� �̂�'��p ��
	&�-���$[)�['� Quadratic Discrimination, Cross-Validation,  Maximum likelihood 
Classification !+& Gaussian Mixture Speaker Model �(� -�ก��k�ก_
( (Training) !+&
 (
�� (Testing) �
�!�'�ก+�'� (Classifier)  �������+
ก��&���
��ก
� ����ก���"j����(+ 

-�_�
�ก��"�&��������0�ก�)�����ก���&��
d��& ��	�����ก+�'�#�)"i���'��p  (Speaker 
Identification)  ��a���������� ���
���!
(���ก�� 
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�  �� 4 "�&��[�� ����(�'�	&2()�
�  
 

4.1 �#�!a�'#+�����	
�
�'�&(
�
�ก+  ��a��a�$����
���&(
�����[���  
 

4.2 �"�!ก�����a������� ��������
����0������&_�!+&!
(�#+�&(
�!����)�ก��*'��
����$�
ก+�'�#�)"i��,�����)�  !+&
����0�-�2"$[)�'��2()	���ก
�ก�������
�������	��!a �����
���a����+ ������-��
(
��d�a	�� _��� �+���ก ���ก�����)��ก
�ก���-��
(	�� 
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�  �� 5  \�]� ���ก�����)�� 

 
5.1 Model of Speech Production System 

 
Fig. 5.1 Speech Production System 


'�� ��	&��ก��$����������	
���1���
'�� ������ก�'�  ���(������
��� (Filter Model) !+&	&��)�
��ก����a�&
-�_�
�
'�����_+�(�
��� (Vocal Tract) 
-�_�
�����ก����	
���1 ���(+�&��ก-����(�
���
���������
����0������"j�
�ก�� ��������
��� �(����
�_+
กก��ก��!"+��(��� (Z-
Transformation) 2()�'�   

�(� ��  -  Speech waveform 
  - Glottal pulse train  
  - Upper vocal tract (Formant frequencies) 
  - Lip radiation 
 

!+&
'�� ����)���ก�� ��
�ก���"j�  

  

 �(� ��   =   Gain 

)()()()( zRzVzGzS =

)(zS

)(zG

)(zV

)(zR

)(zV

∑
=

−−
=

N

k

k

k z

G
zV

1

1

)(

α

G
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    =   Filter coefficients 
   =  Number of poles in the unit circle 

5.2 Power Spectral Density 

a+
����$�
�"���
� ������0�����

``���
���a�( 
����0!
(�$���"
�ก��2()�"j� 

 

�(� ��  
  =  Time averaging across frames of speech data (blocks) indexed by m  

 M  =  Number of frames of speech data 
 x

m  
= Frame of speech data, 

   )(
km

X ω  = Discrete Fourier Transform (DFT) of each frame of speech data, 
 

5.3 Gaussian Mixture Model (GMM)  

ก��"�&���l���!�� �a��������������
���a�( �(����
�_+
กก�� ���ก�����)��ก
�a���������� ��

0��� (Mean, Variance, Prior and Posterior Probability) 
�ก�� ��������
������ Gaussian mixture 
distribution 
����0�����2()�"j�  

∑
=

⋅=
M

m

mm xNcxf
1

);();( θθX  

  �(� ��  
 c

m  
= Mixture weight of each density component of the M mixture, which must satisfy the 

following constraints: that 

],[,0;1 2

1

mmmm

M

m

m cc µσθ =≥=∑
=

 

 !+&
�ก�� Gaussian distribution 
����0�����2()�"j� 
2

2

1

2 exp
2

1
),;(








 −
−

⋅= m

mx

m

xN
σ
µ

σπ
µσ  

 

{ }kα

N
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5.4 Modified EM-Algorithm  
,���$[)$�ก��"�&���_� a���������� ��
0��� �(��� �̂ก�� Expectation !+& Maximization 

�'�a�����������'��p  ���)��ก��_�	�ก����
�)�����ก�����
��� ������0�����_+�( ���(���
��� 
(Frequency Response of The Vocal Tract) 
 

Expectation-step (E-step) : 

)ˆ,ˆ;(ˆ

)ˆ,ˆ;(ˆ
)ˆ,|(ˆ

)()(2

1

)(

)()(2)(
)()(

t

m

t

mk

M

m

t

m

t

m

t

mk

t

mt

k

t

Nc

Nc
mp

µσω

µσω
λω

⋅

⋅
=

∑
=

 

 Maximization-step (M-step) : 

 ∑
Ω

=

+ ⋅=
1

)()()1( )ˆ,|(ˆ)(ˆ
k

t

k

t

k

t

m mpc λωωφ  

)ˆ,|(ˆ)(
ˆ

1
ˆ )()(

1
)1(

)1( t

k

t

k

kkt

m

t

m mp
c

λωωφωµ ∑
Ω

=
+

+ ⋅⋅=  

 )ˆ,|(ˆ)()ˆ(
ˆ

1
ˆ )()(

1

2)(

)1(

)1(2 t

k

t

k

k

t

mkt

m

t

m mp
c

λωωφµωσ ∑
Ω

=
+

+ ⋅⋅−=  

 
 

5.5 F-Ratio 
_+
กก���
(_��-���		-�!�ก (F-ratio)  F-ratio of the ith feature: 

i

i

i
W

B
F =  

�(� ��  
 B
i
   =   Betweenuclass variance 

W
i
   =    Pooled withinuclass variance of the ith feature  
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�  �� 6 
	]�ก��)I�
1	1ก��
	
���4>;��&&�� (Methodology) 

 
  #�)"i��2���
591 3 ก+�'� 1.#�)"i��,�����)� 2.#�)"i���
�����'�ก��*'��
���� 3.ก3���8(+5<
� 8(+5<
����STU1S(

7�กก��
591:��=-�
,�+� �(�	&�"j��a�[�� 
1�_�( !�'+&��	&0�ก

�d����!+&��ก���
� �ก� "�(�
!�'��"j� 2 
'�� ���
'��!�ก	&����ก�'� Interview Session �(�	��!a ��	&�"j�#�)
��0��!+& -�ก��
�
� �กก��
��0��!+&�-����	�ก#�)"i������)��-�0�� ��ก-�_�(2�) 
'�� �� 2 �"j�ก���
� �ก Post 
Session $���� )��,���#�)"i��	&�)���'���)�����	�ก_�
�
�� ��ก-�_�(,���$� ����1����ก�'� Rainbow 
Passage �(�_�
�
���
���1	&��_�)� ��$�ก��$_)#�)"i���"+'��
��� !
(�0���)��-�a�( ��$[)�
($�
'�����ก��
��ก�
���!�� phonetic $��
���
-�_�
��
(����
�(�+��ก�)�� ���ก�(��1� �)���+ ���
� �ก 
1�_�(	&
�-�2" -�ก��"�&��+#+�(����
1���������" ��!
(�()��+'�� �(��)���+�
��� ���
� �ก��1	&�"j�+
ก��&
ก��������&_�!�� Offline ����"j�2l+� ���
� �ก!+)��-���������&_�!�'+&2l+��(�#'���"�!ก�� Matlab 
['�� �
1�������1���)�ก��������&_���� 

``���
���!�'+&�
���	&0�ก -�ก��!"+��"j�(�	���+ �(�$[)
A/D Converter  ������0���
���ก��
�'�� '�ก
� 10 KHz !+&$[)l�+�����[��( Low-Pass Filter  �� Cutoff 
Frequency 5 KHz 

``����ก��!+&����p ����ก�_���	�ก�
���#�)"i��0�ก�	
( �1�_��������ก	�ก
2l+��)���+ �(�#'���"�!ก�� GOLDWAVE Version 5.10 Audio Editor 

``�� ��2()_+
�	�ก#'��
�
1����(
�ก+'��	&�-�2"!�'��"j� Segments �'��p+& 20 ���� � !�'+&Segment 	&�-�2" (
���(�
#�)$[)���a+
�������!�'+& Segment �'�	&	
(���'$�"�&�d ����
���a�( ������ก�'� Voiced Speech, 
Unvoiced Speech _��� Silence  

 6.1 ก��0�(�_

+
ก��& (Feature Extraction) 
  Power Spectral Densities (PSD) 	&0�ก"�&���	�ก

``���
��� ��0�ก���		
��"j� Voiced 

Segment ()���� �̂ Welch Method !+&a�	���� �� �กp 100-Point �(�$[) Hamming Window �"j�
�
�ก-�_�(2�'��ก��a�	���� Overlapping ก��"�&���(-�����ก���(����a��������"�!ก�� Matlab 
�(�$[)lc�ก�[
�� FFT  �� 1024-point  !+& 40ms Window �(�"�&����� Segment �'��p ������
� �ก2() 
���+
ก��& 6 �
�a����������  ��	&a�	����	&"�&ก��2"()�� Peak Power ���(�a������
��
�( ��
�ก�(��1�$�
�"j���
� Frequency location �-�!_�'�����0�� ��Maximum Peak �ก�( Sub-band PSD ��� 
Sub-band  �กp 500Hz $�['�� 0-2,000Hz �(�	&ก-�_�(�"j� PSD1, PSD2, PSD3 !+& PSD4 ,�1�
 
1�_�(��1	&�-�2"$[)�"j� input feature   
-�_�
�ก���
(ก����&_�'��ก+�'�#�)"i���'��p �(��
��
(!�ก
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"�&ก��2"()�� Linear Quadratics Classifier !+&���0�� F-Ratio  ก���
(ก���a�	���� Pair-wise �(�
 �กp 20 ���� ����

``���
���a�(	&�-���a�	����$�ก���
(ก��� $�
'�����
0���	&$[)�"�!ก�� ��
����ก�'� Pattern Analysis System $�ก���
(���
��
�� ��
0����'��p �(�	&!�'��
(�"j� Suicidal ก
� 
Depressed, Depressed ก
� Remitted) !+& Remitted ก
� Suicidal  
1�_�( 3 ��' �'�
0��� �����	�
(	�ก 
a���������� ����ก�� 	&a�	����"�&ก��2"()�� Sensitivity, Specificity, Positive, Predictive  

 
 

 

 

 

 
Fig. 6.1 Extraction Process 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DATABASE 

 

   DPR PSD 
RMT PSD  

Pre-
processing 

V/UV Vocal 
Feature 
Extraction 

 

Classifier Correct 
Decision 
DPR/RMT 
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����� 7 83ก���)3%� (Experimental Results) 
 

�'���+��� Means !+& �'���������� Standard Deviation S.D. !�'+& ���+
ก��& Acoustical Feature 
�['� Peak Power, Peak Location (Hz) !
(�(
������ �� 1 �
���#�)"i���
�����'�ก��*'��
����
����0�&�� _���


��ก�2()�('�[
(�(� Peak Location �ก�(��1� ������0����-�ก�'�� ���ก
� Peak Location ��� ก��� Remitted 
Case �_g�2()[
(�	��'� $�ก�����ก���
���	�ก Reading Case 	&"��กh$� �� ���(���ก
�ก��� Interview 
�
���#�)"i��,�����)�	&!
(�$_)�_g�0��ก���a�����1���� PSD1, PSD3 !+&ก��+(+���� PSD2 $�ก��� 
Interviewing Session ������"����� ���ก
�ก����
������#�)"i�� ��l���l�ก+
���	�กก������,�����)�  �� ����1
�
���
����0�_g�2()$�ก��� Reading Case 
-�_�
�#+���ก����ก���
(ก����&_�'�� Suicidal !+& 
Remitted �'� PSD1 $�['�� Sub-band !�ก �'������0�� 0-500Hz ���'�+(+�
-�_�
�ก��� Remitted $���& �� 
PSD2 !+& PSD3 $� Sub-band  ��
����1�  ��!����)��a�����1� #+������&_��_+'���1
����0

��ก� 
2()�('�[
($�ก��� Reading Session �ก��)� PSD3 ,���2�'"��กh����!�ก�'��$� Energy Percentage #+���
ก��������&_��
(ก���
��"!
(�$������ �� 3 !+& 4 
-�_�
�ก��� Interview !+& Reading Cases ���+-�(
� 
#�)"i��,�����)�	&

��ก�2()�'�������!�ก�'��	�กก���#�)"i�� ��0�ก�����
����'$�ก+�'� Suicidal �(�a�	����2()
	�ก����0�ก�)��ก���
(ก��� ���&(
� 77% 
-�_�
�ก��� Interview Case ��'��2�กg��� 
#�)"i��,�����)� !+&#�)"i��  ���
�����'�ก��*'��
����
����0�
(ก���!�กก+�'� 2()��'����"�&
� �̂d�a �� 94% 
!+& 85% ������"����� ���ก
�ก��� Remitted Case 
���0�&�[��
0����'��p ��$[)�
(ก���
(ก����['� 
Sensitivity, Specificity, PPV !+& NPV 2()0�ก�-����!+&a�	�����['�ก
� #+���ก���
(ก���	�กก��� 
Reading Case �"�(�#�$_)�_g��'���!����)�����)��ก
�	�ก����� �� 4  ����!�ก�'��ก����"����� ��� 
�&_�'�� Suicidal !+& Depressed 
����0 ���
(!�กก+�'�2() ���&(
�����0�ก�)�� 82% 
'��ก����"���� 
� �������p���'��&(
�����0�ก�)��ก���
(!�กก+�'� ���)��+��(���� 
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Tab.7.1 PSD Distribution for All Subjects – Interview session 

    

 
Suicidal Depressed Remitted 

Peak Power (20.88, 2.70) (20.63, 3.34 ) (20.92, 1.70) 

Peak Location (Hz) (284.47, 84.89) ( 292.02, 58.55) (331.17, 67.98) 

% Power in PSD1 (0.79, 0.08 ) (0.79, 0.08) (0.74, 0.05) 

% Power in PSD2 (0.19, 0.07) (0.18, 0.08) (0.23, 0.04) 

% Power in PSD3 (0.01, 0.01) (0.03, 0.02) (0.02, 0.01) 

 

Tab.7.2 PSD Distribution for All Subjects – Reading session 

 
Suicidal Depressed Remitted 

Peak Power (21.52, 2.22) (20.80, 1.59) (21.53, 2.08) 

Peak Location (Hz) (298.83, 112.84) ( 296.10, 66.11) (351.65, 74.24) 

% Power in PSD1 (0.78, 0.08 ) (0.82, 0.06) (0.75, 0.09) 

% Power in PSD2 (0.19, 0.08) (0.16, 0.05) (0.23, 0.09) 

% Power in PSD3 (0.01, 0.01) (0.02, 0.01) (0.01, 0.01) 

 

Tab.7.3 Summarized Statistics – Interview session 

Pairwise %Classification Sensitivity Specificity PPV NPV 

Sui/Dep 77 0.89 0.63 0.76 0.8 

Dep/Rem 94 0.94 0.94 0.94 0.94 

Sui/Rem 85 0.91 0.76 0.84 0.86 

 

 

 

Tab.7.4 Summarized Statistics – Reading session 

 

Pairwise %Classification Sensitivity Specificity PPV NPV 

Sui/Dep 82 0.73 0.88 0.82 0.82 

Dep/Rem 73 0.85 0.58 0.71 0.76 

Sui/Rem 75 0.73 0.76 0.73 0.76 
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TAB.7.5 SUMMARIZED COMPARATIVE RECOGNITION PERFORMANCES FROM ANALYSES OF 

SPONTANEOUS SPEECH 

 

Pairwise %Classification Sensitivity Specificity PPV NPV 

Sui/Dep 85.58 0.81 0.88 0.89 0.85 

Dep/Rem 72.25 0.70 0.75 0.63 0.85 

Sui/Rem 81.08 0.90 0.60 0.86 0.83 

 

TAB.7.6 SUMMARIZED COMPARATIVE RECOGNITION PERFORMANCES FROM ANALYSES OF 

AUTOMATIC SPEECH 

 

Pairwise %Classification Sensitivity Specificity PPV NPV 

Sui/Dep 85.50 0.91 0.88 0.99 0.93 

Dep/Rem 92.00 0.86 0.97 0.98 0.89 

Sui/Rem 90.25 0.89 0.93 0.93 0.92 
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