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ABSTRACT

Voice analysis is one of the emerging non invasive approach in the medical field. Voice dysfunction is an important
complication in laryngeal cancer patients. The main objective of the present study is to investigate the features of
voice changes in vocal cord carcinoma (VCC) patients. Non operative VCC patients are selected from freely
available online Saarbruecken Voice Database (SVD). Acoustic voice analyses of

VCC patients was performed using GNU-Octave, an open source simulation tool equivalent to Matlab on Linux
platform, which makes the present work cost effective. The eight out of thirteen patients were reported with
pronounced dysponia and phonatory discomfort. Preoperative voice is slightly abnormal with fundamental
frequency (Fo). Absolute jitter, relative jitter, absolute shimmer and relative shimmer are found to be significantly
different from those of control group (p<0.05). Positive significant correlation is observed between perturbation
measurements with p<0.001. The present study emphasizes the development of a non invasive diagnostic tool for
cancer patients by considering more number of acoustic parameters with their potential to index affective
physiological changes in the voice production.

Keywords: Voice acoustic analysis, Vocal cord carcinoma, Voice disorder analysis, Laryngeal cancer,
Postoperative dysphonia, Vocal tract steadiness, Biostatistics.

I.  INTRODUCTION

Ninety percent of laryngeal cancer is squamous cell carcinoma. Smoking, alcohol abuse, lower socioeconomic status
and for above 60 years, increases the risk. Early diagnosis is common with vocal cord tumors because of early
development of hoarseness. Among three common sites of laryngeal cancer, vocal cord carcinoma is more
predominant. Most of the tests and procedures used to detect, diagnose and stage the laryngeal cancer are invasive
with other health side effects like observed in Radiotherapy and Chemotherapy. These evaluation methods includes
biopsy, laryngoscopy, endoscopy and Radiologic imaging methods. Their costs varies from few lakhs to thousands
and more over is not a suitable for routine use for a common Indian (In 2014, as per [1], 21.9% of the population
who live below the national poverty line) patient. According to NCRP (National Cancer Registry Program) report,
by the year 2020, the cases of head & neck cancers are estimated to be around 218,421 and the projection for
Laryngeal cancers is from 25,172 in 2010 to 33,885 by 2020(15.5%). It shows that the Laryngeal cancer is one of
the emerging cancer in India. The negative impact of a voice disorder is social, psychological, professional, and
economic (as in the case of a singer or actor)[2]. Pathological diagnosis of vocal tract is a field, which demands
further investigation due to difficulty in standardizing diagnosis process of the speech pathologists [3].

Voice analysis with sustained vowels is more efficient as it avoids articulatory effects and useful for the estimation
of vocal performance. The voice production system uses most part of its mechanisms (e.g., glottal flux of constant
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air, vibration of the vocal folds in a continuous way, etc.) in the phonation of vowels and is useful in detecting
anomalies of such mechanisms[4].

Section 11 will discussing about materials and methods used in the present study. Section 111 is discussing about
results and section 1V concludes the present work.

Il.  MATERIALS AND METHODS

A Materials

First, Saarbruecken Voice Database (SVD), version 2.0 is used for the present study. The SVD is a freely available
online voice database containing a collection of voice recordings of different pathologies, including both functional
and organic[5]. Thirteen male vocal cord carcinoma subjects without any surgery are selected and treated as
experimental group with age (56.92 +9.37) and control group containing thirteen male healthy subjects with age
(56.62+ 8.94) are considered for the present study. The sustained vowels /a/ are recorded at sampling frequency of
50kHz with 16 bits
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Fig. 1
resolution. All patients had no head and neck surgery, or head and neck trauma.

B. Methods

In the medical field the voice acoustic analysis is used in diagnostic and treatment of voice disorders. As the patients
are normally reluctant to video laryngoscope (VLS), because of irritation to patient, examination also requires
topical anesthesia in many patients. The patient's mouth should be open with anterior traction on the tongue which
also prevents examination of the larynx during speech or swallowing [6].

Whereas, the stroboscope which provides a flashing light to simulate a slowed vocal-cord vibration, and has a
microphone to sense the fundamental frequency of the vibrations and to coordinate the flashing light to the same
frequency. If the light flashes at the fundamental frequency, the stroboscope will freeze one image in the vibratory
cycle. Thus, it will not document the status of vocal function with cycle to cycle information. The stroboscopic
parameters include closure pattern, amplitude of vibration, mucosal wave, symmetry, and regularity, and these
objective data are visual perceptual ratings and subject to reliability and validity errors. Besides, the existing
diagnostic systems available for laryngeal cancer patients are prone to radiation and are costlier. In regard to above
discussion the voice analysis will help the clinicians todocument the status of vocal function with cycle to cycle
information that is not available with stroboscope [6]. The methodology of the present work is as shown in the Fig.1.
The methodology is implemented in Linux platform and using GNU-Octave, an open source simulation software
similar to Matlab[7]. GNU-Octave uses scriptic language similar to the Matlab. It is one of the major step included
for the cost effective implementation of the present work.

As speech signals fall off at higher frequencies, the higher frequencies are compensated by using pre emphasizing
filter as in (1) with I =0.9.
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This pre emphasis helps to make stationary behavior within frames. Then the speech signal is converted into
frames of length 25 ms with frame step of 8 ms. The unwanted noise due to framing is minimized by using
hamming window which is tapered at beginning and end edges of the frame to give a less distorted and smoother
spectrum[8].

In the feature extraction step the analysis indicators included are average fundamental frequency (Fo), the
fundamental frequency perturbation (Jitter), the amplitude perturbation (Shimmer) variations, as follows:

A Fundamental frequency (Fo): Pitch or fundamental frequency is calculated by using autocorrelation method,
searching for a peak in normal pitch range in speech of 50Hz to 500 Hz [9,10].

B Jitter and Shimmer: Jitter and Shimmer are used as indicators of harshness of voice and relative jitter and
shimmer are given as a percentage that represents the maximum deviation from a nominal frequency or amplitude
[11, 12, 13]. If N is the total number of Pitch periods, T be the fundamental frequency and the amplitude A of
particular period then, relative/absolute jitter and shimmer are calculated using (2),(3), (4)and (5).
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Table.1
Absolute Shimmer|Relative
Analysis Indicators Fo IAbsolute Jitter |(dB) Jitter Relative Shimmer
Experimental Group (n 0.0004+0.000 0.07+0.0
=13) 202.51+46.06 5 1.50+ 1.35 9 0.02+0.011
0.0001+0.000 0.02+0.00
Control Group (n=13) |183.99+27.89 03 0.61+0.23 4 0.01+0.004
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Here N indicates the number of frames. These acoustic features are computed in linux environment using GNU-
Octave simulation tool. Script based language has been used while extracting voice acoustic features. The computed
parameters are then subjected to statistical analysis in linux [14].

I11.  RESULTS

The further statistical analysis is carried out by using statistical analysis tool in the linux platform. The descriptive
statistical results for the comparison of Voice Acoustic Anlyses of study and Control groups shown in Table.1. The
absolute jitter and relative shimmer shows significant difference where as, relative jitter has near significant
difference between the experimental and control groups with p<0.05. Then all the features are subjected to statistical
students 2-tailed 't' test with p<0.05 and 95% confidence interval as in Table.2.[15].

The student's 't' test is performed between study and control groups and the results are shown in Table.2. It is clear
from Table.2 that amplitude and frequency perturbations like relative jitter and shimmer, absolute shimmer have
shown significant difference between study and control groups, whereas absolute jitter is slightly significant with
p<0.05. This signifies the presence of hoarseness in the VCC patients, which also matches with their diagnostic
reports. This hoarseness is due to the asymmetrical structure of affected vocal cords. However, the pitch has not
shown any significant variation between the groups.

As Cricothyroid muscle is associated with high degree of pitch and volume, remain not much affected due to
insignificant variation of pitch between the groups. The thyroaretynoid and lateral cricoaretynoid muscles are related
to fading of sustained phonation found to be under tension due to VCC impact. This is also clear from significant
difference of perturbations between the groups. In vowel articulation hyoid bone movement is affected by the
change in the activity of the tongue muscles and the function of the genioglossus posterior is to raise the tongue
dorsum for high vowels by drawing the tongue root forward. Hence, the high vowels are associated with forward
position and low vowels with back position of the hyoid bone. The more activity of genioglossus is observed only in
high-pitched vowel /a/ and there is a direct correlation between the intrinsic pitch of the vowels and the activity of
the posterior fibers of genioglosssus. In summary, the hyoid bone which is mainly concerned with pitch control,
remains not much affected during sustained phonation, which is also clear from insignificant variation shown by the
pitch [16,17].

Table.3 shows the computation of Pearson's correlation coefficients between significant perturbations. It is clear that
there is a positive significant correlation between variations of jitter and shimmers values with p<0.001. But
correlations of perturbations with pitch are not significant p>0.001.

IV. CONCLUSION

The prospective study has been made with VCC patients using SVD. The use of free open source tools like Linux
platform and GNU-Octave simulation tools are useful for cost effective work. In view of costlier, invasive
diagnostic methods available to VCC patients, Voice analysis is one of the emerging non invasive approach in the
medical field. The statistical analysis of voice acoustic parameters of VCC shows significant variations of
perturbations with p<0.05. However the pitch has not shown any significant variation in the groups.
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Table.2
Difference 95% Confidence Interval of Difference
Student's
IAnalysis Indicators 't 'p' value
mean (Lower limit to Upper limit)
Fo
0.227 | >0.05 | -18.52 -49.3410 12.30
Absolute
Jitter
Between 0.072 | >0.05 | -0.0002 -0.00057 to 0.00003
Experimental
Group (n=13) | Absolute
and Shimmer 0.026 | <0.05 | -0.8985 -1.6825 to -0.11446
Control Group Relative
Jitter
(n=13) 0.037 | <0.05 | -0.05403 -0.10454 to -0.00352
Relative
Shimmer 0.010 | <0.05 | -0.0094 -0.01633 to -0.00249
TABLE.3
Correlation
Correlation between coefficient p value Remarks
Fo & Absolute Jitter r=-0.119 0.564 Insignificant
Fo & Absolute Shimmer r=-0.191 0.349 Insignificant
Fo & Relative Jitter r=-0.036 0.861 Insignificant
Fo & Relative Shimmer r=-0.128 0.534 Insignificant
Absolute Jitter & Absolute
Shimmer r=10.947 0.001 Significant
Absolute Jitter &
r=0.976 0.001 Significant
Relative Jitter
Absolute Jitter &
r=0.890 0.001 Significant
Relative Shimmer
Absolute Shimmer & Relative
Jitter r=0.937 0.001 Significant
[Absolute Shimmer & Relative r=0.952 0.001 Significant
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Shimmer

Relative Jitter &
r=0.916 0.001 Significant

Relative Shimmer

The Pearson's correlation has correlations between variations of perturbations with p<0.001. This indicates that
much of the perturbations related study has to be done for more insight into the voice disorder analysis of VCC
patients. However, by the discussion of results it is clear that selected acoustic features have physiological changes
during voice production. By including spectral and non linear acoustic parameters may put more light on dynamical
behavior of vocal cords. There is a scope for the development of cost effective, non invasive, alternative
diagnostic tool to assist clinicians routinely.
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