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Abstract 
 

The larynx is a flexible part in the respiratory tract, a source of vibration during verbal communications. An electrolarynx 
or artificial larynx is a common device adopted by the laryngectomee to restore the speech. The objective of this paper is 
to design a low power electrolarynx using modified glottal source and perform an objective and subjective analysis of the 
vowel quality. In the first part, an electrolarynx circuit is designed which can drive different types of input signals. In the 
second part, a driving source is designed by pre-filtering the effect of neck surface. The power consumption of the 
prototype is measured and compared with the conventional type of electrolarynx. The vowel qualities are compared with 
that of normal vowels produced by a volunteer. We have found out that the glottal modified wave can reduce the power 
supply requirement of the electrolarynx. Loudness, quality factor and position of the formants are used as measures of 
quality for vowels produced by the present approach and found to be better (or comparable) than the traditional 
electrolarynx. When compared to existing method, the electrolarynx with glottal modified wave is power efficient and 
has a potential in forming a wearable device. It also has better vowel quality than the one with the conventional driving 
signal. 
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1. Introduction 
 
The oral communications of a human being involves lungs, 
larynx, vocal tract, and mouth. The lungs provide the 
required energy to vibrate the larynx. The vibrations of 
larynx produces periodic waveform and termed as glottal 
wave, which acts as a source for speech production. The 
position of tongue, teeth and lips are responsible for the 
speech articulation [1-3].  
 The surgical removal of the larynx due to the 
circumstances such as laryngeal cancer terminates a person’s 
ability to speak naturally [4]. Esophageal speech, Tracheo-
esophageal speech and electrolarynx are the three different 
methods to re-establish the voicing without the use of vocal 
chords and the space between them. In the esophageal 
speech, a person has to introduce air by swallowing air into 
esophagus region and release them abruptly to the oral 
cavity [5]. This causes the pharyngeal muscles to vibrate. 
This vibration is converted into speech by the articulators. It 
requires a high level of training and practice to succeed [6]. 
In tracheo-esophageal speech, a patient has to draw in air 
through a one way valve placed on a tracheal puncture [7].  
The speech is formed by the articulators when this air 
directed to oral cavity by occluding the valve. This method 
suffers from hygienic issues such as fungal infections 
leading to leakage of fluids through tracheo-esophageal 
puncture [8]. The electrolarynx is an electro-mechanical 
vibrator which substitutes for larynx to reconstitute the 
speech. The device consists of a waveform generator and 

vibrating head to be held against the neck when intended to 
speak. The vibrational energy of the device converts into 
acoustic energy and the speech is produced by the movement 
of articulators [9]. The electrolarynx is also helpful for the 
patients who are ill and under artificial ventilation [10-12]. 
The conspicuous appearance is one of the major drawbacks 
of electrolarynx. Due to its large size, the electrolarynx need 
to be hand held throughout the verbal communications 
which would cause lot of inconvenience and awkwardness to 
the user. Several miniaturization concepts are considered by 
researchers to make the patient’s life easier. To reduce the 
size of the device, a thin vibrator [13] which can be attached 
to the neck surface with the help of a brace was designed. 
The transducer is controlled by the pocket sized wireless 
controller. Due to the requirement of a supply voltage of 9 
V, the entire system is still hefty. An electrolarynx YOUR 
TONE II is a wearable electrolarynx but its size and weight 
is not revealed in the literature [14]. A design of hands free 
operation [15] was developed by using a tiny pager motor. A 
thin polyethylene membrane attached to the motor, pulsates 
when a voltage is applied. The current handling capacity of 
the pager motors are generally low, resulting in insufficient 
vibration to produce the audible speech. The level of 
reduction in loudness affects the intelligibility of the speech 
[16, 17]. A hands free design approach using a tiny 
transducer and a video camera to detect the lip movement 
thereby controlling the electrolarynx is at development stage 
and the audibility of the voice is not recorded [18]. The 
artificial larynx designed using mechanically driven gear has 
sub 100 Hz fundamental frequency range [19]. The low 
fundamental frequency would result in distracted voice 
output. 
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 Another disadvantage of electrolarynx is the distinctive 
voice quality due to the repeated vibration of the transducer 
and due to the improper delivery of the acceleration at the 
neck tissue. Noise radiation minimization, self-noise 
reduction and post processing of a-laryngeal speech are the 
methods to improve the speech intelligibility available in the 
literature. A normal glottal like signal to drive the 
electrolarynx [16] was employed along with a shield to 
cover the vibrator. The device was found to be bulky due to 
the protective covering of the electrolarynx. 
 The digital signal processing technique of spectral 
subtraction method to reduce the self-noise [20, 21], noise 
removal by the discrete cosine transform [22] with aim to 
improve the intelligibility of the speech. However, these 
methods cannot be employed when the background noise 
varies in magnitude. An adaptive filtering process is also 
carried out [23, 24] to remove the noise components. The 
efficiency of these algorithms tends to decrease when the 
estimation of noise reference signal becomes complex 
resulting in poor noise reduction [25]. The latest work on the 
device suggests the fundamental frequency variations to 
produce different tones for tonal languages [26-29]. 
However it requires an extensive training to produce 
variations in pitch. 
 Being a battery driven device the size of the 
electrolarynx should be as small as possible. But the battery 
technology is not advancing with the semiconductor 
technology, alternate methods of energy saving must be 
accommodated [30, 33]. In this paper, we have addressed the 
problem of reducing the electrolarynx size and weight by 

decreasing the power consumption of the circuit. The 
reduction in the current requirement is achieved by 
modifying the excitation source. We have employed Li-ion 
batteries which have less weight and high capacity which 
further reduces the overall device size. The reduction of the 
size would lead to a wearable electrolarynx which eases the 
life of the patients. Apart from that, the modified excitation 
source improves the speech intelligibility when compared to 
the conventional source. 
 
2. Materials and Methods 
The following section discusses the design of electrolarynx 
and glottal modified wave. 
 
2.1. Proposed Electrolarynx 
The prototype of the electrolarynx circuit is represented in 
Fig. 1. A high capacity less weight Li-ion batteries are used 
to power the circuit. Two batteries are connected in series to 
form a maximum voltage of 8 V and a capacity of 860 mAh. 
A positive voltage regulator LM7805 is used to convert the 
battery voltage into 5 V and to supply a standalone 
microcontroller ATMEGA328P-PU. The network of R1 and 
R2 and operational amplifier U1 converts the stored digital 
values into analog signal. The value of R1 and R2 are 10 KΩ 
and 20 KΩ respectively. This signal excites the electrolarynx 
transducer using a class AB power amplifier formed by Q1 
and Q2. This push pull combination of the amplifier is 
preceded by an operational amplifier U2 in voltage follower 
mode. 

 

 
Fig. 1. Proposed electrolarynx circuit 
 
2.2 Design of Glottal Modified Wave 
This section discusses the designing of glottal modified 
wave from glottal wave. 
 
2.2.1 Glottal wave 
The glottal wave originates by the repeated vibrations of the 
larynx. It produces the volume velocity [34] to form speech 

excitation signal and it can be mathematically modelled by 
several ways which differ in their mathematical 
constructions. All such models were characterized as a 
quasi-periodic, always null, or positive wave. Fig. 2 shows a 
glottal wave with a fundamental frequency of 100Hz 
generated using Rosenberg B model [35]. 
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Fig. 2. Volume velocity of glottal wave 
 
2.2.2. Glottal modified source 
The electrolarynx is a device which drives excitation source 
external to the body more precisely on the neck surface. 
When this excitation signal reaches vocal folds, it deviates 
from its original shape because of the involvement of the 
neck surface of the user. Neck surface is a part of the system 
during vocalization in the case of an electrolarynx user. The 
neck transfer function is defined as the ratio of the volume 
velocity that excites the vocal tract to the acceleration 
measured at the neck surface. Neck transfer N(s) is 
represented as in Eq. (1) [36]. 
 
𝑁 𝑠 = 𝐴 ∗ !!! !

!!!! !∗ !!!! !      (1) 
 
 Here, A is the gain, z is the location of zero, p1 and p2 are 
the locations of poles. The study conducted on a normal 
adult male reveal that, two zeroes are located at 120Hz, and 
double poles at 80Hz and 1000Hz. The frequency response 
of neck transfer function is represented as discrete time 
system by using MATLAB and DSP System Toolbox 
Release 2014b, The MathWorks, Inc., Natick, 
Massachusetts, United States. It is plotted as in Fig. 3. 

 
Fig. 3. Neck transfer function of a normal adult male 
 
 A glottal modified wave is designed by pre-filtering the 
glottal wave by the inverse of neck transfer function shown 
in Eq. (1). Fig. 4 represents a glottal modified wave for a 
normal adult male with a fundamental frequency of 100Hz. 
 

 
Fig. 4. Designed modified glottal airflow for a normal adult male 
 
2.3. Experimental Setup 
The binary values corresponding to the simulated glottal 
modified wave are stored in the flash memory of the 8-bit 
microcontroller shown in the proposed electrolarynx as a 
lookup table. It is programmed to generate an analog signal 
at a frequency of 100Hz. The power amplified signal is fed 
to a vibrator which acts as a transducer. The user has to 
configure his vocal tract to produce vowels when this 
transducer is held against the neck surface. 
 
 
3. Results 
 
An existing vibrating head from the commercially available 
Servox Digital Speech Aid is used as the transducer. This 
device uses square wave as the driving signal and has the 
facility to adjust the duty cycle to control the loudness of the 
voice generated. The vibrator is held against the neck and 
articulators are configured to produce the vowels. The 
sustained vowels are produced using both glottal modified 
wave and square wave. The speech generated by these two 
drive signals are recorded using speech recorder and 
digitized. 

Initially, the measurements are performed to find the 
power consumed by the prototype. The drop in the supply 
voltage, and the current drawn by the device are measured as 
function of time. These readings are used to calculate the 
power consumed by the circuit. Then the experiment is 
repeated by using the conventional excitation source (square 
wave). The vowel qualities like formants, bandwidths and 
amplitudes are plotted and compared along with the normal 
vowel plot. 

 
3.1. Measurement of Voltage, Current and Power 
With aim of bringing down the size of the final device, Li-
ion batteries, which have high capacity and less weight, are 
employed as a source power.  Two batteries are connected in 
series to obtain the required voltage (8 V) across the 
terminals with the device under test as load. The system is 
kept ON continuously until the series voltage drops to 6 V. 
A digital multimeter MAS830L is used to measure the 
current drawn by the load. The current drawn with various 
input patterns is observed throughout the procedure and 
tabulated as in Table 1. 
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Table 1 Current drawn by different methods 

 
 

Current 
(A) 

Input Pattern 
Square Wave  
(Duty Cycle) Glottal 

Modified Wave (90%) (85%) (50%) 

0.36 0.35 0.26 0.32 

 
 The drop in the battery terminal voltage is noted down 
by connecting another digital multi meter in parallel with 
circuit at an interval of 20 minutes. The observed data is 
plotted as in Fig. 5. 

 

 
Fig. 5. Supply voltage reduction 
 
 The product of the voltage and current is plotted in Fig. 6 
as the power consumed by the circuit. 

 
Fig. 6. Power consumption of the circuit 
 
3.2 Measurement of Formants, Bandwidth, and 
Amplitude 
A normal adult male sitting in a quiet room, pronounces the 
vowels /i/, /a/ and /u/ just like his usual speaking.  Another 
three set of same vowels are recorded using the proposed 
electrolarynx circuit initially with square wave (with 
different duty cycles) and then with the glottal modified 
wave as the input. All these vowels are recorded using Voice 
Recorder application in Motorola Moto G3 device and saved 
as MPEG Audio Layer3 format. A Linear Predictive 
Coefficient analysis is performed on them using MATLAB 
with a coefficient of 12 which is represented in Fig. 7- Fig. 
9. 

 
Fig. 7. Vowel formants of /i/ 
 

 

 
Fig. 8. Vowel formants of /a/ 
 

 
Fig. 9. Vowel formants of /u/ 
 
 Using the formant frequencies, the Euclidian distance 
between the first two formants across the different type of 
vowel production are compared in Fig. 10. From the vowel 
plot, amplitude for the first two formants are plotted in Fig. 
11. 
 

 
Fig. 10. Average Euclidian distance of F1 and F2 
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Fig. 11. Amplitude plot of formants for /i/, /a/ and /u/ 

 
 

 A ratio of formant frequency and bandwidth is called as 
quality factor. An average of Fi/BWi for the first two 
formants is plotted in Fig. 12. Finally, the device leakage 
noise due to improper coupling of electrolarynx to the neck 
surface is measured for all the three methods and plotted in 
Fig. 13. 
 

 

Fig. 12. Average quality factors for /i/, /a/ and /u/ 

 
Fig. 13. Device leakage noise with different driving sources  
 
3.3 Subjective Analysis 
A GRBAS scale, which rates grade (G), roughness (R), 
breathiness (B), asthenicity (A), and strain (S) on a scale of 0 
– 3 where a value 0 means best score. The rating is made by 
assessing conversational speech or vowels. The perceptual 
evaluation of electrolarynx speech is assessed by grade (G), 
which is the severity of hoarseness and relates to the overall 
voice quality. 
A total of 15 voice samples are recorded consisting of 
normal vowel, electrolarynx vowel with square wave (90%, 
85% & 50% duty cycles) and glottal modified wave as the 
sources. A 10% of random repetition was included to enable 
the intra-judge reliability analysis. The auditory-perceptual 
voice grading was conducted by thirteen speech therapists 
with an average of 5 years of experience and familiar with 
GRBAS scale are tabulated in Table 2. After listening to 
each voice, each evaluator conducted the analysis 
individually and no information was shared among 
evaluators. Each vocal sample could be listened one more 
time on request. Evaluators were not aware of the patient 
diagnosis or the fact that individuals with no alteration in 
voice were included in the sample, as this could compromise 
their judgment. 

 
Table 2: Evaluation of different vowels by grade 

Vowel Evaluators Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13 
Normal_i 0 0 0 0 0 0 0 0 0 0 0 0 1 0.077 0.266 
Sq_90_i 2 2 2 1 2 2 1 2 3 2 2 3 3 2.077 0.615 
Sq_85_i 3 3 3 2 3 3 1 1 3 2 3 3 3 2.538 0.746 
Sq_50_i 3 3 3 3 3 3 2 3 2 1 3 3 3 2.692 0.606 

Gm_i 2 2 3 3 2 3 1 2 2 1 2 3 3 2.231 0.697 
Normal_a 0 0 0 0 0 0 0 0 0 0 0 1 2 0.231 0.576 
Sq_90_a 1 1 3 0 2 2 0 0 2 2 1 0 1 1.154 0.948 
Sq_85_a 1 1 3 2 3 3 0 2 3 1 1 1 2 1.769 0.973 
Sq_50_a 2 2 3 1 3 2 1 1 3 1 3 1 2 1.923 0.828 

Gm_a 3 2 1 1 2 2 0 0 2 1 1 1 2 1.385 0.836 
Normal_u 0 0 0 0 1 1 0 0 1 0 0 0 1 0.308 0.462 
Sq_90_u 2 1 2 0 2 2 2 2 3 2 2 3 3 2 0.784 
Sq_85_u 2 3 2 1 3 1 1 3 3 2 3 3 3 2.308 0.821 
Sq_50_u 3 2 2 2 3 2 1 2 3 2 3 3 3 2.385 0.625 

Gm_u 2 1 2 2 2 3 1 3 3 1 3 3 3 2.231 0.799 
 



Madhushankara M, Somashekara Bhat and Keerthana Prasad/Journal of Engineering Science and Technology Review 11 (6) (2018) 77 - 84 

	
	

82 

 A high degree of reliability was found between intra 
judge evaluations. The average measure Intra Correlation 
Coefficient was 0.9596 with a 95% confidence interval from 
0.9215 to 0.9841. 
Analysis of variance (ANOVA) is conducted to determine 
whether there is any difference in normal and Electrolarynx 
vowels with following attributes. 
 Research Question: Is there any significant difference in 
the quality of vowel produced by the normal and 
electrolarynx? 
Null hypothesis, H0: There is no significant difference in the 
quality of vowel produced by the normal and electrolarynx. 
Alternative hypothesis, Ha: There is a significant difference 
in the quality of vowel produced by the normal and 
electrolarynx. 
 
 
 
 

Table 3 Results of analysis of variance of normal and 
electrolarynx vowels 
Source of 
Variation SS df MS F P-

value 
F 

crit 
Between 
Groups 

136.
5 14 9.7

52 
16.9

8 4E-26 1.74
7 

Within 
Groups 

103.
4 180 0.5

74    

Total 239.
9 194      

 
 Table 3 represents the results of the one-way ANOVA of 
normal and electrolarynx vowels. It can be observed that F > 
F crit with a p value < 0.0001. Therefore we reject the null 
hypothesis which states that there is no significant difference 
in the quality of vowels produced by the normal and 
electrolarynx. The mean value of grade from Table 2 is 
plotted in Fig. 14. 

 

 
Fig. 14. Average value of grade of different vowels  
 
 
4. Discussion 
This work proposes an alternate driving signal for 
electrolarynx to reduce the power consumed by the circuit 
without compromising on the quality of the voice produced. 
With different input patterns, electrolarynx draws different 

amount of current. In the case of square wave, increasing the 
duty cycle to provide the louder voice increases the average 
current drawn, due to which battery discharges quickly. 
Features of this experiment are extracted from Fig. 7 to Fig. 
13 and tabulated in Table 4. 

 
Table 4 Characteristic Features Extracted from Fig. 7 to Fig. 13 

 
# 

 
Characteristics 

Input Pattern 
Square Wave with 
90% Duty Cycle 

Square Wave with 
85% Duty Cycle 

Square Wave with 
50% Duty Cycle 

Glottal Modified 
Wave 

i.  
 

Time taken for terminal 
voltage to fall to 6 V 
(minutes) 

      80 85 135 100 

ii.  
Euclidian distance 
between normal and 
electrolarynx method 

/i/ 5.57 5.28 4.58 5.55 
/a/ 1.21 1.51 1.53 1.39 
/u/ 6.75 7.24 9.51 7.09 

iii.  

Amplitude difference 
between normal and 
electrolarynx method 
(dB) 

/i/ 0.56 2.63 10.25 0.4 
/a/ 4.19 1.3 5.32 2.91 

/u/ 24.88 30.02 32.78 24.75 

iv.  

Difference of quality 
factor between normal 
and electrolarynx 
method (%) 

/i/ 37.41 65.9 63.82 46.66 
/a/ 30.72 30.54 69.6 58.16 

 /u/ 60.81 49.37 44.9 6.87 

v.  Background Noise (dB)          28.95 26.47 7.6 22.79 
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From the Table 4 following observations are derived. 
 

a. When glottal modified waveform is used as input 
pattern, battery lasts longer than the square wave 
input with 90% and 85% duty cycles.  

b. The vowel formants produced using glottal 
modified wave is closer to normal vowels than that 
of square waves. 

c. The average difference in peak amplitude of the 
formant frequency is lesser when glottal modified 
wave is used when compared with all other square 
waves. 

d. The quality factor of formant frequencies is better 
with glottal modified wave when compared to 
square waves of different duty cycles.  

e. The back-ground noise (signal generated when the 
device is powered with no lip movement) is less 
for glottal modified wave when compared to that of 
square waves. 

 
 It can be observed from the Fig. 14 that the normal 
vowels have least score as expected. The scores of 
electrolarynx vowels differ in its values and showed a 
ranking of square wave with 90% duty cycle, glottal 
modified wave, square wave with 85% duty cycle and 
square wave with 50% duty cycle in the ascending order for 
all the three vowels. However when the statistical analysis 
test is conducted between electrolarynx vowels, the result is 
not significant which means there is no significant difference 
in the quality of vowels produced by the electrolarynx with 
different input sources. 
 

5. Conclusion 
 
In this paper, we have discussed how a glottal modified 
wave acting as the drive signal to electrolarynx would result 
in power efficiency with improved (or comparable) 
performance in terms of Euclidian distance, vowel 
amplitude, quality factor, background noise and perceptual 
evaluations. To evaluate the effectiveness of the proposed 
wave, it is compared with the user’s original voice as well as 
with the conventional method of electrolarynx. The 
objective comparison of vowels reveals that our method is 
better with respect to battery performance and vowel quality. 
The less leakage noise provides greater comfort to the 
listener. Overall, a better electrolarynx is designed with a 
size promising towards forming a wearable speech aid. 
 In addition, the present work is carried out using an 
Arduino Uno development board which comprises of 20 pin 
Dual Line Package chip. The board consists of few 
additional components which are not needed for the present 
work. The components such as timers, brown-out detect 
circuits, analog to digital converters, light emitting diode 
indicators which draw a steady current of 50 mA when 
powered on leading to additional draining of the battery. The 
design and development of an Application Specific 
Integrated Circuit (ASIC) with lesser pin count and 
components will certainly bring drown the quiescent current 
and improve the battery performance. 
 
This is an Open Access article distributed under the terms of the 
Creative Commons Attribution License  
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