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Abstract— this paper investigates the adaptation of automatic dialogue recognition to disease detection by analyzing
the voice parameters. The analysis of the voice allows the identification of the diseases which affect the vocal
apparatus and at present is carried out from an expert doctor through methods based on the auditory analysis.
Proposed work presents a novel method to keep track of patient’s pathology easy to use, fast, noninvasive for the
patient and affordable for the clinician. This method uses parametric method (jitter, shimmer, harmonic to noise
etc...) to estimate the pathological voice. The method for this task also depends on Mel Frequency Cepstral
Coefficient (MFCC) as feature extraction and Dynamic Time Warping (DTW) as feature Matching. This paper
summarizes the step by step process of voice analysis of stressed patients. The classification accuracy achieved
corresponding to each extracted features verifies the success of our approach in distinguishing the people with stress.
Thus the voice analysis on PRAAT platform has proven an efficient tool for discriminating people with stress as
compared to normal one and generated positive results. The work represents the various 2D and 3D graphs of
training and predicted subjects in MATLAB.
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1. INTRODUCTION

1.1 Introduction to Stress

Stress is a physical, mental, or emotional factor that causes bodily or mental tension. Stress is a normal physical
response to events that makes one feel threatened or upsets a person’s balance in some way [1]. The term stress
was coined by Hans Selye in 1936, who specified as “the non-specific reaction of the body to any demand for
change”. When a person sense danger whether its actual or imagined the body defenses kick into high gear in a
rapid, automatic process known as the “fight-or-flight-or-freeze” reaction or stress response [2] shown in
Fig.1.1.
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Fig. 1.1: Fight or Flight Response [3].
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1.2 Cause of Stress

Many different things can form stress from physical (such as fear of something precarious) to emotional (such as
worry over your family or job). Some of the most common sources of stress are:

a) Survival Stress — “Fight or Flight” response is a common response to danger in all people and animals.
When a person is scared that someone or something may physically hurt his/her body, the body naturally
responds with a burst of energy so that the person will be better able to survive the dangerous situation (fight) or
escape it all together (flight). This is survival stress.

b) Internal Stress — Internal Stress is one of the most significant kinds of stress to understand and manage.
Internal stress is when people make themselves stressed. This often happens when a person worries about things
he/she can't control or put themselves in situations. Some people become obsessed to the kind of hurried, tense,
lifestyle that results from being under stress.

c) Environmental Stress - This is a response to things around the person that cause stress, such as noise,
crowding, and pressure from work or family. Identifying these environmental stresses and learning to avoid
them or deal with them will help lower persons stress level.

d) Fatigue and Overwork - This kind of stress builds up over a long time and can take a hard toll on one’s
body. It can be caused by working too much or too hard at job(s), school, or home. It can also be caused by not
knowing how to manage time well or how to take time out for rest and relaxation. This can be one of the hardest
types of stress to avoid because many people feel this is out of their control [4].

1.3 Stress and its types

Stress can be defined as require of coordination with the human body and mind, and which can be controlled by
relaxation as well the sfitting management techniques. There are different types of stress:

a) Acute Stress — Acute stress is typically caused by the daily demands and pressures encountered by every
individual. Acute stress is what actually brings about excitement, joy and thrill in our lives

1) Emotional distress: such as anger, anxiety, irritability, and acute periods of depression.

2) Physical troubles: like as ache, stomach upset, dizziness, headache, heart palpitations, and squatness of
breath, hypertension and bowel disorders [5].

b) Episodic Stress: Acute stress that is suffered too frequently is called episodic stress. This class of stress is
typically seen in people who make idealistic, self-inflicted or unreasonable demands which get all mixed up and
bring too much stress in their attempt to accomplish these goals. Episodic stress [6] is also normally observed in
people with “Type A” personality, which engages being overly competitive, aggressive, demanding and
sometimes tense and hostile. Because of this, the symptoms of episodic stress are found in Type a person [7].

1.4 Signs and Symptoms of Stress Overload

The signs and symptoms of stress overload can be almost anything. Stress effects the mind, body, and behavior
in many ways, and everybody experiences strain differently shown in Table 1.1. Not only can overwhelming
stress lead to serious mental and physical health problems, it can also take a toll on person’s relationships at
home, work and school [7].

Table 1.1: Stress overloads signs and symptoms [7].

Signs and symptoms of stress overload

Cognitive Behaviourial | Physical symptoms Emeotional
symptoms symptoms symptoms
Memory Eating more | Aches and pains Moodiness
problems or less
Inabilitv to | Sleeping Dwsphonia(voice Depression,general
Concentrate | more or less disorder) unhappiness
Poor Isolating Constipation diarrhea | Irritation
judgement vourself from
others
Constant Using Frequent cold Feeling
wWorrving alcohol and overwhelmed,
cigarettes
Seeing the | Nervous Chestpain rapid Sense of loneliness
negative Habits heartbeat
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1.5 Blood Pressure

The blood pressure is the pressure of the blood within the arteries. It is produced principally by the contraction
of the heart muscle. Blood pressure is usually measured at person’s upper arm. Blood pressure is expressed in
terms of the systolic (maximum) pressure and diastolic (minimum) pressure and is measured in millimeters of
mercury (mm Hg). It is one of the vital cipher along with respiratory rate, heart rate, oxygen saturation, and
body temperature. Normal resting blood pressure in a mature is approximately 120/80 mm Hg. Blood pressure
varies depending upon the situation, activity, and disease states. It is synchronized by the nervous and endocrine
systems. Blood pressure that is low owed a disease state is called hypotension, and pressure that is consistently
high is hypertension. The Fig. 1.3 shows the Blood pressure below:
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Fig. 1.3: Blood pressure

1.6 Hypertension (High Blood Pressure)

Hypertension, also referred to as high blood pressure, is a common condition in which the force of blood against
one’s artery walls is high enough. Blood pressure is determined by the quantity of blood that heart pumps and
the amount of resistance to blood flow in the arteries. The more blood the heart pumps and narrower the arteries,
the higher the blood pressure. Hypertension can direct to several illnesses as well as injured parts, such as renal
failure, heart failure, stroke, or heart attack. Researchers from UC Davis reported in the journal of the American
Academy of Neurology that high blood pressure during middle age may raise the risk of cognitive decline later
in life.

2. RELATED WORK

N. P. Dhole et al. [1] discussed an approach for the detection of speech in English language. The stress
detection is necessary which provides real time information of state of mind of a person. Author considered the
MFCC Voice features which is influenced by Stress and to examine the effect of exam stress on speech
production an experiment was conducted on the first year students of age group 18 to 20. An assignment was
given to them and instructs them that viva on that assignment and their performance in the viva will decide their
final internal marks in the examination. The experiment and the analysis of test results showed that students
were stressed due to which there is remarkable change in MFCC.

S. V. Bakhtiyari [2] finds out the relationship between various individual aspects and work environment with
reference to the stress of employees. The research was focused on identifying the impact of various factors
which control the stress of an employee. It was found that with the age group the stress level changes and the
need of counseling for employees differs with age group. The study revealed that most of the employees have
tendency of feeling stressed because of work load. Author tried to find out the relationship between the
qualifications and the stress, and also tried to find out the possible ways through which the stress can be
controlled. The data for analysis was collected from different levels of employees so as to conducted a good
research and suggest to the organization some measures for managing stress in the work environment.

U. Devi [3] discussed that Stress has become significant due to dynamic social factor and changing needs of life
styles. Stress is adaptive reaction to an outward situation which would lead to physical, mental and behavioral
changes, even though stress Kills brain cells. Appropriate amount of stress can actually trigger passion for work,
tap latent abilities and even ignite inspirations. The work stress is found in all professions. IT professionals are
very stressed because they are highly target driven and highly pressured on results. Stress can make a person
productive and constructive, when it is identified and well managed. Author focused to study the stress level
among IT employees and to suggest the coping strategies. A survey of 200 IT employees in the IT companies
situated in and around Hyderabad was done by author. Some of the strain coping techniques studied by this
study includes stress management programs, physical activities planned in job design, life style modification
programs, finding triggers and stressors, supportive organization culture, stress counseling programs, and
spiritual programs.

S. C. Haines [4] discussed the stresses that are placed on Law Enforcement officers in today’s society. This
research explored some of the various stressors and the effects that they may have on the officers and their
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families. The purpose of this research paper was to investigate how police officer job stress can negatively affect
the officer and his/her family. The research method used for this project relied upon professional papers,
magazine articles, and Internet sources. Police Officers are stressed by many things including their supervisors,
shift-work resulting in the loss of time spent with their families, fellow officers, and the citizens at large. Police
Officers are stressed by abundant other factors like as low pay, lopsided sleep schedules, and conflict with
family and friends. Author analyzed that when officers were properly trained and had the ability to recognize the
effects of stress, they were able to manage their stress more effectively. This stress management resulted in
officers taking less stress home with them to their families and they were able to maintain higher morale. The
police departments need to take more responsibility in educating, training, and combating officer stress. The
department also needs to provide confidential counseling to officers that are being affected negatively by job
stress.

M. Kotteshwari et al. [5] discussed that job stress is negatively related to performance. In other words, lower
the performance when higher the stress. Workplace stress derives from many sources. It can be a demanding
boss, annoying co-workers, rebellious students, angry customers, hazardous conditions, long commutes and a
never-ending workload. The nature of work has gone through drastic changes over the last century and it is still
changing at whirlwind speed. With change comes stress will appear automatically. Job stress poses a threat to
physical health. The business process outsourcing (BPO) industry in India has always been characterized by
ungodly hours, monotonous job, low perceived value, dispirited efficiency resulting to high attrition level. The
purpose of this research was to determine what and how job-related and demographic variables are associated
with employee satisfaction of the BPO employees. This paper has made an attempt to find out the job stress
factors affecting the performance of the employees.

H. Lu et al. [6] explained that Stress can have long term adverse effects on individuals’ physical and mental
well-being. Changes in the speech production process are one of many physiological changes that happen during
stress. Microphones, embedded in mobile phones and carried ubiquitously by people, present the opportunity to
continuously and non-invasively monitor stress in real-life situations. In this study, author suggested stress sense
for unobtrusively recognizing stress from human voice using smart phones. Author investigated methods for
adapting one-size-fits all stress models to individual speakers and scenarios. Author demonstrated that the
Stress Sense classifier can robustly identify stress across multiple individuals in diverse acoustic environments:
using model adaptation. Stress Sense achieves 81% and 76% accuracy for indoor and outdoor environments,
respectively. Author showed that Stress Sense can be implemented on commodity Android phones and run in
real-time. To presume voice based stress finding and model adaptation in diverse real-life conversational
situations using smart phones Author investigate the first system.

J. H. L Hansen et al. [6] discussed about analysis, modeling, and recognition of speech under stress. Author
started by defining stress, effect of stress on speech production system. Author explored how individuals differ
in their perception of stress, and hence understand the cues associated with perceiving stress. Having considered
the domains of stress, areas for speech analysis under stress, Author shifted to the development of algorithms to
estimate, classify or distinguish different stress conditions. Author concluded with the techniques to overcome
the effects of stress for speech recognition and human computer interactive systems.

N. Mbitiru et al. [7] studied that by evaluating fluctuations in the physiological micro tremor present in speech
(VSA) Voice stress analysis is accomplished. Author discussed in this paper about the Empirical Mode
Decomposition. Empirical Mode Decomposition was compared to traditional Fast Fourier Transform in the
analysis of the physiological micro tremor. The results showed that EMD was better suited for the detection of
stress in voice.

3. PROPOSED WORK

3.1 Problem Statement

The major objective of this dissertation work is to study Dysphonia in stressed and hypertensive patients and
discriminate people with stress on the basis of extracted voice features by analysis the voice signals.

3.2 Proposed Work

First of all voice database of normal, stressed, and hypertensive persons are prepared. Then this database is
analyzed and various features like jitter shimmer, HNR, DVB, pitch, and standard deviation are extracted from
the recorded voice of patients. Then K-means classifier is used for classification. The K-mean classifier will
differentiate between normal and stressed persons, hypertensive and normal persons. At the end classifier
accuracy is checked.

4. RESULTS & ANALYSIS
4.1 Different features of voice are extracted from PRAAT. Then the K-means algorithm is simulated in

MATLAB which shows results in Cluster form. The result part is further divided in some parts that are
explained below:
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4.2 Stressed Versus Normal Female Samples
The Table 4.1 shows the Training (normal) and predicted (stressed) females as shown below

Table 4.1: Training and Predicted Subjects.

Volume 07— Issue 01, June 2017

Max. Min.
Pitch Pitch Mean 3D Shimmer HNR
(Hz) (Hz) (Hz) (Hz) | Jitter(%) | (%) DVB(%) | (%)
Training 474081 85.766 | 210316 | 44.63 1.841 8.194 46578 | 13.999
Subjects | 467.092 | 15445 | 213309 | 50.159| 1564 | 7.113 | 56.875 | 13.824
457464 | 75923 | 266.693 | 36.075 1.741 7168 49365 | 14.817
328971 | 175747 23493 | 48448 1.729 7925 47954 | 13.705
435574 | 213,533 | 282.823 | 40.637 1 8.148 29975 | 1232
47471 | 196.766 | 275.359 | 69.655| 1.169 8.532 36.098 | 12.197
483693 | 183,531 | 248,827 | 44889 | 1.742 8.749 19.031 | 12.12
262933 | 178.642 | 230955 | 22573 3276 16.002 49986 | 6.217
Prediction | 251.51 | 189.061 | 23748 | 8.673 | 4.999 | 18.714 | 39.05 | 6.559
Subjects | 270.962 | 200.945 [ 234.793 | 12.0256| 3.523 15.223 37.279 | 8.787
274 883 | 119.638 | 229.558 | 18.085| 3.737 16.406 19391 9289
257549 | 177.546 | 212.535 | 12.731| 3.567 14998 36.17 9.542
267243 | 94.743 | 204.369 | 28.907| 3416 12.351 31.983 9.599
435574 213533 | 282823 | 40.637 1 8.148 29975 1232

From Table 4.1 it is clear that the first seven females are taken as training subjects and the next seven females
are taken as predicted subjects. The training and predicted subjects are shown in Fig. 4.1. In Fig. 4.1 cyan circles
shows the predicted subjects and the blue circles indicate the training subjects.
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Fig. 4.1: Indication of training and predicted subjects.
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K-means classification is used to differentiate between normal and stressed females. After applying K-means
algorithm to the training and predicted subjects, different clusters are formed shown in Table 4.2.

Table 4.2: Clusters of training and predicted subjects (females)

e 3
Max. MEn. Cluasters
Pitch Pitch Miean s.D Jitter | Shummer | DVEB HMNE.
(Hz) | (Hz) | (Hz) | (Hz) | (%) | (%) (%) (%) .
4741 | 858 | 2103 | 4463 | 1.8 52 46.6 13.0
2
467.1 | 1545 | 213.3 | 50.2 1.6 7.11 S6.9 13.8
Training 3
Subjects 457.5 | 759 | 266.7 | 36.1 1.7 7.2 49 4 14.8
]
3280 | 1758 | 2340 | 485 1.7 7.0 47.0 13.7
5
4356 | 213.5 | 282.8 | 40.6 1 8.2 200 12.3
6
474.7 | 196.8 | 275.4 | 69.7 1.2 8.5 36.1 12.2
483.7 | 1835 | 2488 | 449 1.7 5.8 19.0 12.1 7
2620 | 1786 | 2309 | 226 |33 16.0 490 6.2 4
237 4 El
o 251.5 | 189.1 | 8 8.7 o 18.7 39.0 6.6
Prediction El
Subjects 270.9 | 2009 | 2348 | 12.1 5 15.2 37.3 8.8
=
2740 | 1196 | 2206 | 18.1 | 3.7 16.4 19.4 o3
)
2576 | 1776 | 2125 |127 |36 14.0 36.2 o5
)
267.3 | 947 | 2044 |[280 |34 12.4 31.0 o6
4356 | 2135 | 2828 | 406 1 8.2 200 12.3 =
The Fig. 4.2 shows the clusters of training and predicted datasets (females).
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Fig. 4.3 clearly explains the KNN classification. The 3™ patient of Prediction dataset is shown in Fig. 4.2 by
yellow color circle and 2™ patient of the same dataset is shown by green circle. After assigning coordinates to
the clusters it is clearly understood that the 4™ patient of training dataset is lying close to the 2"@ and 3" patient

of predicted dataset.
4.3 Stressed Versus Normal Male Samples
The table 4.3 shows the Training (normal) and predicted (stressed) males as shown below

Table 4.3: Training and Predicted Subjects.

Mazx. Min. Mean
Pitch | Pitch Pitch SD | Jitter | Shimmer| DVB | HNR
(Hz) (Hz) (Hz) (Hz) (%) (%) (%) (%)

Training | 175.020 | 03.068 128.583 14.142 146 10.652 | 55.794 | 11.482

subjects 147.223 | 83.181 122.114 13.704 713 10.436 | 47.345 | 10.222

157.279 | 93.47 128018 | 12.217 587 | 10.813 | 51.14 8.77
163.701 | 93.389 134.77 17.694 576 | 10.676 | 43.058 | 10.493

154.355 | 75.007 123.44 18438 | 2.12 10.51 48.29 | 7.454

22044 | 134.074 | 184.635 | 22.255| 1.932 9.915 | 48.771 | 12.273

237.717 | 72.043 151.38 32212 212 10.357 | 40.443 | 7.354

Predicted | 261.183 | 70.764 | 120001 | 39.657 | 439 | 14.202 | 65.776 | 5.922

9
Subjects 163.951 | 67.742 120.624 | 19.189 | 2.671 10.791 | 44.857 | 9.603
258.838 | 66.729 111.979 | 42.232 | 3.699 | 15.699 | 32.816 | 6.98

203.627 | 75.094 203.627 | 24327 | 3.011 18.878 9.197 6.27

175.394 | 67.803 133.472 10.84 | 5046 | 16.854 | 23.000 | 4954

210423 | 70.79 157.798 | 26.319 | 6.572 | 19.942 | 37.21 | 4.537

210.151 | 279.17 141.981 37.217 | 2.094 12.47 53.183 | 9.298

From Table 4.3 it is clear that the first seven females are taken as training subjects and the next seven females

are taken as predicted subjects. The training and predicted subjects are shown in Fig. 4.4.

circles shows the predicted subjects and the blue circles indicate the training subjects
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Fig. 4.4: Indication of training and predicted subjects.
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In Fig. 4.4 cyan

K-means classification is used to differentiate between normal and stressed males. After applying K-means
algorithm to the training and predicted subjects, different clusters are formed shown in Table 4.4.
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Table 4.4: Clusters of training and predicted subject (males)
Eal

Max. Min | Mean
Pitch Pitch | Pitch S$.D | Jitter | Shimmer | DVB | HNR
(Hz) (Hz) |(Hz) (Hz) | (%) (%) () | (%)

Training 1
Subjects | 175920 | 93068 | 128583 | 14.142 | 2.746 | 10.652 | 55.794 | 11482

Clusters

(Normal) 147.223 | 83.181 [ 122114 [ 13.704 | 2.713 | 10.436 | 47.345) 10.222 2
157279 | 9347 [128018(12217)2587| 10813 | 51.14 | 877 3
163.701 | 93389 | 134.77 [ 17.694) 2.576| 10.676 | 43.058) 10.493 !
154.355 | 75.007 | 123.44 [ 18438) 2.12 1051 48.20 | 7454
22644 | 134.074 | 184.635 | 22.255|1.032| 0015 | 48771]12.273 ¢
237717 1 72.043 | 15138 | 32212 212 | 10357 | 40443 | 7.354 !
7

261.183 | 70.764 | 129.091 | 30.657 | 439 | 14.202 | 65.776| 5.922

163.951 | 67.742 | 120.624 | 19.180) 2.671| 10.791 | 44.857| 9.603

Predicted | __ i 7
subjects | 258838 | 66720 | 111,976 | 42232 | 3.699 | 15.699 | 32.816| 6.98

7
203.627 | 75.004 | 203.627 [ 24.327) 3.011| 18.878 | 9.197 6.27

1
175.394 | 67.803 [ 133472 ) 19.84 [ 5.046| 16.854 | 23.999| 4.954

7

210423 | 70.79 | 157.798 | 26.310| 6.572| 10.942 | 37.21 | 4.537
210151 | 27917 | 141.081 | 37.217[ 2.004| 1247 | 53.183| 9.208 6

The Fig. 4.5 shows the clusters of training and predicted datasets.
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Fig. 4.6: Coordinates of subjects.
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Fig. 4.6 clearly explains the KNN classification. The 5™ patient of Predicted dataset is shown in Fig. 4.5 by red
color circle. After assigning coordinates to the clusters it is clearly understood that the 1% patient of training
dataset is lying close to the 5" patient of predicted dataset in Fig. 4.6.
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4.4 Hypertensive Versus Normal Female Samples
The table 4.5 shows the Training (normal) and predicted (hypertensive) females as shown below:

Table 4.5: Training and Predicted Subjects.

4
Max. Min. Mean
Pitch Pitch Pitch 5D Jitter Shimmer | DVB HNR
Training | (Hz) (Hz) (Hz) (Hz) (%s) (%) (%s) (%)
Subjects 474081 | 85766 | 210316 | 44.63 181 8.194 | 46.57§5 | 13.999
467.002 | 15445| 213309 | 50.159 1.564 7.113 56.875 | 13.824
457464 | 75923 | 266.693 | 36.073 1.741 7.168 | 49365 | 14817
328.971 | 175.747 23403 | 48.448 1.729 7.925 | 47.954 | 13.705
435574 | 213.533 | 282.823 | 40.637 1 5.148 20975 1232
47471 | 196.766 | 275350 | 69.655 1.169 §.532 36.008 | 12.197
483.603 | 183.531 | 248.827 | 44.889 1.742 5.749 19.031 12.12
Predicted 202.21 54,014 | 148.112 | 25,929 2,412 11.354 40,942 | 10.585
Subjects 259.821 110.62 185.12 | 14.786 3.74 14,143 36.112 | 11.523
2?0.019 98.65 | 164.335 16.15 3.15 12.14 49,987 | 15.923
150.62 158.2 174,41 | 20.574 2.276 10.012 46,225 9.523
285.142 | 178.546 | 233.844 45.96 1.556 15.441 44,912 | 14.051
229.32 101.21 | 165.265 21.51 1.221 12.621 38.14 | 13.217
205.41 | 150.545 | 228.178 | 18.045 3.614 16.142 35.185 8.055

From Table 4.5 it is clear that the first seven females are taken as training subjects and the next seven females
are taken as predicted subjects. The training and predicted subjects are shown in Fig. 4.7. In Fig. 4.7 cyan circles
shows the predicted subjects and the blue circles indicate the training subjects.

n Figure 1 ==
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. Fig. 4.7: Indication of training and predicted subjects.

K-means classification is used to differentiate between normal and hypertensive females. After applying K-
means algorithm to the training and predicted subjects, different clusters are formed shown in Table 4.6.
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Table 4.6: Clusters of training and predicted subjects (females)

*
Max. | Mmm. | Mean
Pitch Pitch Pitch sD Titter Shimmer | DVB | HNE. | Clusters
Training [(H2 (Hz) Hz) |Hz) | (%) (%) | (%)
Subjects | 474.081 | 85.766 | 210.316| 44.63| 1.841 8.194 | 46.578 | 13.999 !
467.002 | 154.45213.309| 50.159|  1.564 7.113 | 56.875 | 13.824 2
3
457464 | 75.923 | 266.693 | 36.075| 1.741 7.168 | 49.365 | 14.817
3
328.971| 175.747| 234.93|48.448| 1.729 7.025 | 47.954 | 13.705
3
435.574 | 213.533 | 282.823 | 40.637 1 8.148 | 20.975 | 12.32
474.71 | 196.766 | 275.359 | 69.655| 1.169 8.532 | 36.008 | 12.197 6
483.693 | 183.531 | 248.827 | 44.889 | 1.742 8.749 | 10.031 | 12.12 7
202.21| 94.014 | 148.112| 25.929| 2.412| 11.354 | 40.942 | 10.585 4
Predicted | 759621 | 110.62| 185.12| 14.786 3.74| 14.143 | 36.112 | 11.523 4
Subjects a
230.019 | 98.65| 164.335| 16.15 3.15 12,14 | 49.987 | 15.923
a
190.62 | 158.2| 174.41|20.574| 2.276| 10.012 | 46.225| 9.523
289.142 | 178.546 | 233.844| 4596| 1.596| 15.441 | 44.912 | 14.051 4
a
229.32| 101.21|165.265| 21.51| 1.221| 12.621| 38.14 |13.217
265.41 | 190.945 | 228.178| 18.049| 3.614| 16.142 | 35.189 | 8.059 4
~ The Fig. 4.8 shows the clusters of training and predicted datasets:
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Fig. 4.8: Clustering of training} and predicféd dataset

4.5 Hypertensive Versus Normal Male Samples
The table 4.7 shows the Training (normal) and predicted (stressed) males as shown below:
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Table 4.7: Training and Predicted Subjects.

Max. | Min.
Pitch | Pitch Mean SD | TJitter | Shimmer| DVB | HNR
(Hz) (Hz) | Pitch(Hz) | Hz) | (%) (%) (%) (%)

175920 | 93.968 128 583 14.142 | 2.746 10.652 | 55.794 [ 11.482

147.223 | 83.181 122.114 13.704 | 2.713 10.436 | 47.345 [ 10.222

Training
Subjects | 157.270 | 03.47 128.018 12.217 | 2.587 10.813 51.14 8.77

163.701 | 93.389 134.77 17.694 | 2.576 10.676 | 43.058 [ 10.493

154.355 | 75.007 123.44 18438 | 2.12 10.51 48.20 | 7.454

226.44 | 134.074 184.635 22.255 | 1.932 9.915 48.771 | 12.273

237.717 | 72.043 151.38 32212 | 2.12 10.357 | 40443 | 7.354

190.162 | 60.17 125.166 25.07 3.94 18.47 10.176 [ 4.298

170.627 | 6821 119.418 18.12 | 4.011 12.19 44.12 | 9.274

260.119 | 75.07 167.594 26.36 | 3.036 19.69 32.776 [ B.661

Predicted
Subjects | 288.621 | 90.129 180,375 18.19 3.30 10.79 40.21 6.814

201.112 | 72.15 136.631 17.22 | 6.671 19.22 38.09 [ 4.365

186.221 | B5.04 135.63 26.31 4.6 14.65 66.12 [ 6.913

220.92 65.91 143.415 20.11 5.11 10.09 25.08 | 9.551

From Table 4.7 it is clear that the first seven males are taken as training subjects and the next seven males are
taken as predicted subjects. The training and predicted subjects are shown in Fig. 4.9. In Fig. 4.9 cyan circles
shows the predicted subjects and the blue circles indicate the training subjects.
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Fig. 4.9: Indication of training and predicted subjects (males)

K-means classification is used to differentiate between normal and hypertensive males. After applying K-means
algorithm to the training and predicted subjects, different clusters are formed shown in Table 4.8.
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Table 4.8: Clusters of training and predicted subjects (males)

Max. Min. Mean
Training Fitch Pitch Pitch sD Jitter | Shimme | DVBE | HNER | cluster
Subiects | (H2 | @2 | @) | @) | o) | 19 | ) | ) | s
- 175020 [ 93 068 | 128583 | 14142 | 2.746 | 10652 | 55.794 | 11 482 1
147223 [ 83181 | 122114 | 13.704 | 2.713 | 10436 | 47.345 | 10.222 2
157279 | 9347 128018 [ 12217 | 2587 | 10813 | 51.14 8.77 3
163701 [ 93380 | 13477 | 17694 | 2576 | 10.676 | 43.058 | 10,493 4
154355 [ 75007 | 12344 | 18438 | 212 10.51 4820 | 7454 5
22644 | 134074 | 184.635 | 22.255 | 1.932 0915 | 48771 | 12.273 g
237717 | 72043 | 15138 | 32212 212 10,357 | 40443 | 7.354 7
Predicted | 190.162 | 60.17 125166 | 2507 | 3.94 18.47 10.176 | 4.208 3
Subjects 170,627 [ 6821 119418 | 19.12 | 4.011 12.19 4412 | 9274 5
) 260119 | 75.07 167594 | 2636 | 3.036 1969 | 32776 | 8.661 7
288621 | 90129 | 180375 | 18.19 | 3390 10.79 4021 | 6.814 7
200112 | 7215 136.631 | 17.22 | 6.671 19.22 38.09 | 4365 1
186.221 [ 85.04 135.63 26.31 4.6 14.65 66.12 | 6.913 3
220.92 65.91 143,415 [ 2011 | 5.11 10.09 2508 | 9.551 7

The Fig. 4.10 shows the clusters of training and predicted datasets (males)
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4.6 Classifier Performance
In order to test the classifier performance, several measures namely, accuracy, and precision are considered.
These measures are calculated from the measures true positive, true negative, false positive, false negative. The
percentage of positive predictions those are correct.

Fig. 4.10: Clustering of training and predicted dataset. |

Table 4.8: Defining Classifier Performance Measures

Measure Formula Meaning
Accuracy (TP +TN) / (TP + TN + FP The percentage of
+FN) predictions that are correct.
Precision TP / (TP + FF) The percentage of positive
predictions that are correct.
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Table 4.8: Classifier Accuracy and Precision

Classifier Accuracy Precesion

K-means 08.2143% 80.3571%

5. CONCLUSION & FUTURE SCOPE

The broad aim of the work is to study Stress from patient’s voice. This was successfully achieved with the help
of PRAAT software. In addition, it is also detected that there are various similarities between the feature
extracted values of Stress and Hypertension. This concludes that Hypertensive patients are also the victims of
Stress. This work entitled “Discrimination of Stressed Person with Normal Person Using Voice Analysis” has
been mostly implemented on PRAAT, a virtual computer operated phonetics application. This dissertation work
has been helpful in enriching the knowledge about various aspects of Voice Analysis and applications of voice
analyzing tools in our daily lives. Voice Analysis involves the transformation of voice signal into a set of
parameters with an objective to simplify the voice signal to extract desirable features. The PRAAT works on the
principle of short-time window analysis which allows the grasping of these distinguished time varying features
of voice, in order to ease the tasks of understanding, comparison, modification, and resynthesis. Thus, PRAAT
tool Voice can be used by speech pathologists and medical professionals to study evaluate and diagnose the
quality of the Patient’s voice signal on the basis of measurable features. The K-means classification algorithm is
also implemented in MATLAB software for clustering. The Voice Analysis has arisen as an important area of
study for its various applications in medical as well as engineering sciences. The scientific innovations of twenty
first century have equipped the researchers with highly versatile and fast digital processors to exploit the vast
aspects of human voice. The system employed for Voice Analysis has yielded better results and positive
outcomes. The result obtained further verified the success of the Voice Analysis approach in the practical
environments. In this work, VVoice samples of persons are used for detecting the stress and also found stress as a
cause of Hypertension. However, this stress causes number of other diseases like Heart disease, Diabetes,
Gastrointestinal problems, Obesity etc. So in future one can also use voice for the detection of these diseases.
Thus the beginning of the third millennium has opened new horizons for the advancement of voice diagnosis
systems. As it seems now, the process of evolution of biomedical technology has already begun and the way it is
nurturing the humankind, looks very promising for the future generations.
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